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ECONOMIC RESOURCES OF THE NORTHERN BLACK HILLS. 

PART L-GENERAL GEOLOGY. 



By Thomas Augustus Jaggar, Jr. 



rNTRODUCTION. 

The mining district of the Black Hills, comprised within the Spearfish and 
Sturgis quadrangles, was surveyed geologically' in the summers of 1898 and 1899 
under the direction of Mr. S. F. Emmons. The following pages present a brief 
summary of the geologic features, more especially with reference to ore-bearing 
formations. These are confined to the Algonkian and Paleozoic strata and their 
associated eruptives. 

BIBLIOGRAPHY. 

Descriptions of the general geology of the Black Hills may be found in the 
following publications: 

1. Explorations in Nebraska and Dakota in 1855, 1856, 1857, by G. K. Warren, Engineer Depart- 
ment, U. S. A., 1875, p. 30. 

2. Geological report of the exploration of the Yellowstone and Missouri rivers, 1859-60, by F. V. 
Hayden, 1869, p. 42. 

3. Geological report on the Black Hills, by N. H. Winchell: Report on a reconnaissance of the 
Black Hills of Dakota made in the summer of 1874, by William Ludlow, captain of Engineers, 
U. S. A., 1875, pp. 17, 37. 

4. Report on the geology and resources of the Black Hills of Dakota, by Henry Newton and 
Walter P. Jenney: U. S. Geog. and Geol. Surv. Rocky Mountain Region, 1880, pp. 189, 219, 283. 

5. Geology of the Black Hills of Dakota, by W. 0. Crosby: Proc. Boston Soc. Nat. Hist., vol. 23, 
1888, pp. 488-517; vol. 24, p. 11. 

6. Notes on the geology of the Black Hills, by F. R. Carpenter: Preliminary report of the Dakota 
School of Mines upon the geology, mineral resources, and mills of the Black Hills of Dakota, Rapid 
City, 1888. 

7. A contribution to the geology of the northern Black Hills, by John Duer Irving: Ann. New 
York Acad. Sci., vol. 12, No. 9, p. 187 et seq. 

8. The laccoliths of the Black Hills, by T. A. Jaggar, jr., with a chapter on experiments illus- 
trating intrusion and erosion, by Ernest Howe: Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 3, 
1900, p. 163. 
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14 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

9. Preliminary description of the geology tind water reeoarces of the southern half of the Black 
Hills and adjoining regions in South Dakota and Wyoming, by N. H. Darton: Twenty-first Ann. 
Rept U. S. Geol. Survey, pt. 4, 1900, p. 489. 

10. The Oelrichs quadrangle, by N. H. Darton: Geologic Atlas U. S., folio 85, U. S. Geol. 
Survey, 1902. 

GENERAI. STRUCTURE. 

The Black Hills are well known to constitute the type of dome structure. 
They rise like an island in the midst of the Great Plains, with culminating peaks 
of pre-Cambrian granite intrusive in Algonkian schists, and these same schists and 
granite may be followed outward from the center of the Hills to an encircling 
escarpment of Paleozoic rocks dipping away on the northern, southern, and eastern 
sides, and mantling over the schists to form an extensive forested limestone plateau 
on the west. The center of activity of the younger porphyry intrusions and of ore 
deposition is Terry Peak, a summit rising 7,069 feet above the sea, in the northern 
portion of the schist area exposed on the eastern side of the uplift. Northwest, 
north, and northeast of Terry Peak occur a large number of intrusive bodies in 
beds ranging from Algonkian to Benton Cretaceous. The structure and forms of 
these igneous bodies vary chiefly with the horizon of intrusion. 

TOPOGRAPHY ANJ> DRAIKAGE. 

The drainage of the northern Hills follows in general radial courses conse- 
quent upon the original slopes of the uplift as a whole. Where erosion has gone 
deepest this drainage has become modified by the development of valleys along 
the softer rocks, and, in consequence, subsequent valleys having courses concentric 
to the dome tend to follow along the strike of the Paleozoic and Mesozoic beds. 
The most conspicuous of these valleys is the well-known Red Valley, which forms 
a continuous depression around the Black Hills uplift. 

Four streams drain the T^^ry Peak eruptive center, flowing east, northeast, 
and north; these are Elk, Bear Butte, White wood, and Spearfish creeks. The 
drainage system of each of these has eroded away strata which capped igneous 
intrusives; and the porphyries, by reason of their more resistant quality, usually 
form prominent eminences above the general level. 

The westernmost of the streams mentioned, Spearfifih Creek, forms for 20 miles 
an impressive canyon in the limestone plateau, from which the stream emerges 
into the Red Valley at Spearfish. For a portion of its course this stream, which 
is to-day one of the most powerful in the Hills, flows along the contact of the 
Algonkian schists with the basal beds of the Cambrian; above the mouth of Annie 
Creek the stream leaves the last outcrop of schist, and from here to the mouth 
of Robison Gulch, under Spearfish Peak, flows on Cambrian beds, cutting into 
porphyry masses at Annie, Squaw, and Rubicon gulches; then, entering the zone 
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of north-dipping Paleozoics, progressively cuts its way across Ordovician, Carbon- 
iferous, and Permian beds before emerging on the Triassic lowland of the Red 
Valley. (See PL I.) 

Whitewood and Bear Butte creeks, which flow to the northeast, traverse a 
more varied topography before they emerge from the Hills. They take their rise 
among Cambrian strata and porphyries, and their headwater branches have assisted 
in carving out the northern portion of the exposed Algonkian core of the Black 
Hills uplift. Through portions of their courses deep V-shaped gulches have been 
cut in the schists, and wall canyons in the Carboniferous limestone. Eku^h for- 
mation in turn has its characteristic erosion form, which varies little throughout 
the northern Hills, and is usually directly dependent upon its relative capacity 
for resisting erosion. Indeed, the drainage as a whole, while retaining consequent 
courses in general for the master streams, shows many modifications by adjustment, 
more especially in the tributary branches, and occasionlly striking instances of 
capture are evident. 

Elk Creek, flowing east, drains on the south the high Algonkian plateau land 
which marks a portion of the area of maximum uplift. The upper portions of 
its course are characterized by broad meadow bottoms and gentle slopes from 
upland ''flats" consisting of Cambrian or porphyry caps over schist. Where the 
stream enters the limestone, which is here of extraordinary thickness, a magnifi- 
cent canyon with vertical walls rising sheer from 200 to 400 feet has been cut. 
Through this canyon the engineers of the Black Hills and Fort Pierre Railroad 
have built one of the most picturesque routes of travel in the country. Steaming 
through this impressive gorge the traveler moving eastward finds it difficult for 
some time to discover any considerable dip in the massive limestones, which 
retain for several miles the appearance of uniform thickness in the precipitous 
cliflFs that wall in the torrent. Eventually, however, the canyon widens out and 
the limestone cliflFs are replaced by bright-colored beds of the Minnelusa "alternate 
series," and then suddenly the characteristic gateway of Minnekahta limestone is 
passed and the train emerges into the broad lowland of the Red Valley with its 
red marls and tilled fields. 

TOPOGRAPHIC TYPES. 

The Algonkian schists form flat uplands, and when they occur as massive 
upturned quartzites frequently jut out in colossal walls. Near Elk Creek one of 
these quartzite walls may be traced for miles, strongly resembling a dike. Else- 
where the Algonkian forms the bottoms of streams that have cut through the 
softer Cambrian beds, or forms, with its characteristic steeply inclined banding, 
the slopes of steep gulches, like Whitewood Creek along the line of the Burling- 
ton Railroad. The many branches of the railway systems aflford excellent sections 
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of tile Algonkian as they wind in and out along gullies and spurs to maintain 
their grade, and these railway branches and loops are now so numerous in the 
mining district as to form a conspicuous artificial feature in the topography; the 
same may be said of the innumerable tunnels and prospect holes with their 
dumps jutting out from the steep gulch slopes, the size of the dump an index of 
the depth of the digging. Thanks to this artificial "'honeycomb" underground 
and the clean railway cuts above, much is now exposed to the geologist that was 
completely masked twenty years ago. 

The Cambrian section, where exposed beneath a protecting cover of lime- 
stone, frequently forms wall cliffs of red and brown color, striped parallel to the 
stratification, one notable red band in the upper part of the formation being 
conspicuous in many places. The type locality occurs on the west side of White- 
wood Creek, just below Deadwood. Where its protecting limestone cover has 
been eroded away the Cambrian is likely to weather into rounded forest-covered 
hills 6{ inconspicuous outcrop, like those occurring south of Elk Creek in the 
vicinity of Meadow Creek. Immediately beneath the Ordovician limestone the 
Cambrian usually forms a bench, occasioned by the hard and salient ''worm- 
eaten*^ (ScoUthus) quartzite jutting out from beneath thick, soft, green shales 
(see fig. 1). 

The Ordovician limestone, in consequence of this relation and of another shale 
band above it, is frequently masked by talus, but, where its thickness is sufficient, 
forms a yellow bench, well shown in Whitewood Canyon on the route of the 
Fremont, Elkhom and Missouri Valley Railroad. This bench is rarely seen west 
of Deadwood, and the Ordivician is difficult to identify in Upper Spearfish Canyon. 
It occurs north of Annie Creek at several ix>ints in the canyon, at Crown Hill, 
and at Carbonate. 

The Pahasapa formation, equivalent to the Madison limestone of the Rocky 
Mountains, is naturally the principal cliff-maker, and its escarpment forms a con- 
spicuous feature in the landscape everywhere. A more irregular and variegated 
cliff, colored purple, red, and white, and presenting one of the most picturesque 
color effects, is made by the Minnelusa sandstone, forming the ''sand hills'" 
encountered in driving out from the Hills just before reaching the Red Valley. 
The sandy soil of the Minnelusa frequently produces holes and sand in the roads 
which traverse this zone. 

The Minnekahta limestone of the Permian forms one of the most striking 
topographic features of the Hills. Dipping away with wonderful uniformity from 
the uplifted dome, the outflowing streams invariably cut through it a V-shaped 
gateway, making in the interstream spaces crescent-shaiped scarps of the 30-foot 
limestone over the soft red sandstone that underlies it. The outer slope of the 
jointed limestone is usually washed bare and on the inner side of the Red Valley 
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forms what has been aptl}' called a tessellated pavement. The '"Red Beds" them- 
selves rarely present good exposures, though occasionally the streams which 
meander through the valley cut them into small buttes or mesas, capped by gypsum, 
which exhibit a bedded cross section. Such a section may l>e seen east of 
Whitewood. 

Continuing outward from the Hills, the Jurassic beds outcrop on the inface 
of the Cretaceous escarpment that makes the outer wall of the Red Valley, and 
a conspicuous feature of these beds in the Sturgis district is a hard quartzite which 
forms angular blocks upon the slope. The crest of this slope is usually a rock 
face of coffee-colored or yellowish sandstone of Lower Cretaceous age. This 
sandstone slopes away toward irregular hills formed of other members of this 
series. The Dakota sandstone is the last hard, salient bed, and this in turn dips 
gently beneath a wide, arid tract of Benton black shale, the monotony of which 
is broken only b}' distant buttes of Xiobnira limestone that appear upon the sky 
line far out across the plains. 

STRATIGRAPHY. 

DYNAMIC SIGNIFICANCE OF STRATIGRAPHY. 

In the columnar section, tig. 1, are shown the average thickness and lithologic 
character of Paleozoic and Mesozoic rocks. • In connection with the interpretation 
of dynamics of intrusion and accompanying mineralization, the distribution of 
thin-bedded and thick-bedded strata in the column is of great importance. Irving 
has shown the importance of shale beds as favorite horizons of intrusion; thev 
are the readiest to yield to a viscous wedge of igneous matter. The columnar 
section shows three thick beds of soft material, one at the top of the Cambrian, 
the Permo-Triassic red beds, and the Benton shales. The first underlies the most 
massive '* competent'-^ member of the whole series — i. e. the great limestone, 
including both Ordovician and Carboniferous. The 'lower red bed underlies the 
massive layer known as Minnekahta or purple limestone, which is overlain by 
easily deformed thick beds of red marl, while the soft, black Benton shales 
underlie the Niobrara limestone. 

In addition to these three conspicuous shale horizons, other stratigraphic relations 
which would tend to influence intrusion are as follows: The Algonkian lamination 
abuts abruptly upward against the hard })asal Cambrian quartzite or conglomerate, 
and this same lamination, while fairly uniform in its strike (NNW.), varies in its 
inclination east and west of the vertical, though it is prevailingly westerly in the 
Terry Peak region. An example of change in dip of the schists occurs at Central, 

« Willis. Bailey, The mechanics of Appalachian structure: Thirteenth Ann. Rept. V. S. Geol. Survey, pt. 2, ls92, 
p. 250. "A thrusting layer firm enough to transmit the effective force" in strata folding under lateral compression is 
called a "competent" stratum. The same word may be applied to a stratum resistant to the upward progress of an 
intrusive magma, and thus competent to dome upward rather than split and mash like shale. 
4987— No. 26—04 2 
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Formation 




in Deadwood (hilch, nearly opposite the De Smet open cut. (See section, p. 33.) 
Throughout the Cambrian, thin-l)edded pai)er shales alternate with flags and sand- 
stones, forming innumerable thin i)arting planes. Thin shales occur also above the 
Ordovician and in the Minnelusji, Jura, and Lower Cretaceous. 

VARIATIONS IN THICKNESS. 

The cohunnar section (tig. 1) shows avenige thickness for the northeastern part 
of the Black Hills. These figures are generalized from sections measured in Spear- 

tish, Whitewood, I^ar Butt-e, and 
Elk canyons. The progressive 
variation in this series of meas- 
urements, which is most signifi- 
cant in connection with the in- 
trusives, is shown in the dia- 
granmiatic strike section (vertical 
exaggeration X 2.5) from north- 
west to southeast inserted on the 
map, PI. I. From a thickness 
at Beaver Creek of probably not 
more than 4CH) feet, just west 
of the mappcH.1 area, the Siluro- 
Carlx)niferous massive limestone, 
grouped as a single competent 
meml)er, thickens to moi-e than 
700 feet in Speaiiish Can^'on. 
The Cambrian beds maintain 
throughout this region a rather 
uniform thickness, but probably 
diminish where the limestone is 
thickest. There is some evidencMJ 
that the present course of Spear- 
tish Canyon marks the axial 
region of a gentle syncline of 
deposition under the great lime- 
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Fio. 1.— Generalized columnar Rcction of northern Black Hillu. 

N. B.— The IhkIm here (lc«iKnate<l Silurian have rwently lnK.*n deter- 
mini'd to )M>]on)jr rather to the onJovieian. 



stone. For this reason the thicknesses in the section have been referred to an upper 
datum level, namely, the U>p of the gray Pahasapa limestone. 

Th(» Algonkian surface thus sectioned is seen to be warped into undulations. 
That some such undulations occur, and of much more pronounced relief than that 
represented in the section, is amply proved at several points. One of these is 
between Englewood and Nevada Gulch, where there is a rise in the Algonkian- 
Cambrian contact of 4(M) feet in a northwest direction; that is, along a line tangent 
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to the curvature of the elliptical area of the Black Hills uplift. Similarly the schist 
surface beneath the Cambrian at Brownville, on upper Elk Creek, shows a very 
rapid rise westward towai'd Woodville. Coarse Cambrian conglomerate fills hollows 
between ancient Algonkian quartzite reefs on the upland 4 miles southeast of 
Virginia, on Bear Butte Creek, so that irregular relief in the original Algonkian 
surface, as well as irregularities induced by deformation, may be safely postulated. 
Warping of the schist surface in post-Paleozoic time probably proceeded largeh- b}' 
small slippings on lamination planes. These movements, when communicated to 
the flat-lying Cambrian beds above, produced innumerable small fractures — the 
''verticals" of the mines. The coincidence in trend between verticals and Algon- 
kian lamination planes (NNW.) is remarkable. The thickness of the Algonkian is 
unknown, but there is good reason for supposing that its nearly vertical structure 
marks a series of isoclinal folds in which eventually some recurrent horizons may be 
identifiable. As is to be expected in isoclinal structure, the schistosity usually 
conforms to the original bedding, but in places where the axial region of a fold is 
exposed the lamination is seen to be distinctly transverse to the bedding, as in 
Deadwood Gulch, near the town of Central. (See PI. III.) 

Pkst from Spearfish Canyon the great limestone shows a remarkable thinning, 
from 700 feet to a total thickness of probabl}^ not more than KK) feet on the flanks 
of Polo Mountain, a distance of 6 miles. The Cambrian thickens, but not in the 
same proportion; at Deadwood it has a thickness of between 400 and 500 feet. From 
Polo Peak, where the limestone stratigraphically overlies the greater porphyry masses 
of the Terry Peak complex, this massive member steadily thickens southeastward, 
reaching 300 feet at Whitewood Canyon, about 500 feet in Bear Butte Canyon, and 
probably more than 800 feet in Elk Creek Can^'on. The Cambrian beds thicken at 
Bear Butte Creek, and then thin away to between 100 and 200 feet south of Elk 
Creek; and farther south, on the flanks of the Harney Kange, the Cambrian almost 
disappears. 

Summarizing this section from Beaver Creek to Elk Creek, the thick limestone 
in Spearfish Canyon separates two areas of igneous irruption and Algonkian elevation, 
riamel}', the Bald Mountain and Nigger Hill mining districts. The Terry Peak center 
of irruption underlies the thinnest portion of the limestone. The Two Bit region of 
maximum development of sills is where the Cambrian is thickest, and the Runkel 
region of large porphyry masses in and above the limestone is where the Cambrian 
thins and the limestone becomes thickest. A study of the map will show these rela- 
tions. The Nigger Hill Algonkian area lies outside of the mapped area, on the west. 
(See PI. I.) 

The paleontologic, lithologic, and topogi'aphic characters of the geologic column 
are best expressed in tabular form. Local formation names are avoided except 
where alreadv in the literature of the Black Hills. 
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INTRUSIVE PORPHYRIES. 

LITHOLOGY. 

The porphyries vary in kind from rhyolite, diorite-porphyry, and syenite- 
porphyry to more alkaline rocks, which may be classed as phonolites and groru- 
dites. Irving" has described many of the types, and there is here a remarkable 
series of gradations which renders the region exceptionally favorable for study of 
magmatic differentiation. He has distinguished the following families: 

Grorudite. — Highly alkaline rocks containing orthoclase, quartz, segirine-augite, 
and aegirine. In some types accessory albite, microcline, and biotite. Localities: 
Terry Peak, Bald Mountain, Elk Mountain, Lost Camp Creek, Annie Creek, sheet 
on the Burlington Railroad east of Terry Peak, and in the Sunset mine. 

Phoncltte. — Rocks rich in soda, forming the more basic phase of the groru^ites. 
Composed of orthoclase, anorthoclase, microcline, segirine-augite, sdgirine, nepheline, 
nosean with accessory hauyne, biotite, magnetite, titanite, melanite garnet, and 
possibly leucite. Localities: Ragged Top Mountain, Squaw and Annie creeks, Cal- 
amity Gulch, Mato Tepee, Green Mountain (peak next west of Bald Mountain), 
Whitetail Gulch, east slope of Bald Mountain, and False Bottom stock. 

Rhyolite-porphyry and dacite, — Phenocrysts of orthoclade, plagioclase, and 
quartz in a fine-grained groundmass of quartz and feldspar; hornblende and biotite 
in varying amounts. Localities: Head of Squaw Creek, Foley Peak, Texana, Custer 
Peak, Butcher Gulch, Deadman laccolith, north side of Vanocker laccolith. Two Bit, 
Pluma, Bear Butte, lower portions of Sheep Mountain, \^Tiitewood Canyon laccolith, 
dikes in many portions of Terry Peak district, Crow Peak, Inyankara, Sundance 
Mountain, and Warren Peaks. 

Andesite-porpJvyi'y^ diorite-popphyry^ and diorite. — Porphyritic rocks containing 
phenocrysts of plagioclase, orthoclase, hornblende, and biotite in a fine-grained 
groundmass of plagioclase, quartz, and chlorite. The rock shows transitions to 
trachytic forms which may be called syenite-porphyry. Localities: Sills in Squaw 
Creek and in Ruby Basin, at the Needles, and in the region of the Vanocker 
laccolith. 

Diorite forms the Deadwood Gulch stock above the town of Central. It is 
a gray rock of granitoid texture, showing a tendency, however, to automorphism 
in the component minerals; it contains hornblende, plagioclase, quartz, biotite, and 
accessory orthoclase. 

Lamprophyre. — A basic rock in small dikes cutting the diorite-porphyry of 
the Needles, and again near the head of Iron Creek; it is composed of a fine 
automorphic aggregate of augite and feldspar, with accessory hornblende and 
magnetite. Irving considers it the final and basic representative of the soda-rich 
magma that constitutes the principal Black Hills eruptive series. 

olrviii^, J. P., Annals New York Acad. Sei., vol. 12, No. 9, p. 244 et aeq. 
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It will be seen from the above that the rocks represented are not unlike many 
others that have been described from laccolithic mountains of the Rocky Mountain 
region,^ and it is not possible at present to state positively whether a sharp dis- 
tinction, marking different eruption periods, may be drawn between the phonolite- 
grorudite and the rhyolite-andesite magmas. The evidence points rather to a 
gradual transition between the two. The terms rhyolite and phonolite are unfor- 
tunately associated with extrusion, and it might be less confusing to speak of these 
rocks as granite-porphyries and monzonite-porphyries, but their structure would 
hardly warrant such a terminology. In distribution the dike region of the schist 
area contains both phonolitic and rhyolitic rocks; the sills of Two Bit and Squaw 
Creek districts are in general andesite-porphyry and diorite-porphyry; the outlying 
thick "plug-like" laccoliths, as well as a great portion of the greater Terry and 
Bearlodge complexes, are mostly rhyolite. But over the rhyolite on many hills, 
as Terry, Deer, Bald, and Sheep mountains, occur phonolitic caps, and the mass of 
Ragged Top, the Speariish Peak group of laccoliths in the Carboniferous, and Mate 
Teepee are phonolite. The diorite magma is represented by a great stock in Dead- 
wood Gulch, and its porphyry forms the mass of the Needles to the west and 
portions of the Vanocker laccolith to the east. 

RELATIVE AGE OF PORPHYRIES. 

Differences in relative age among the porph3"ries certainly occur if the transec- 
tion of one dike by another may be considered conclusive evidence that the second 
is younger than the first. This evidence, however, has no conclusive value in a 
single instance, for one portion of a magma might readily crystallize and split up 
to receive later injections of differentiated mat'^^1 originally part of the same igne- 
ous fluid. Between the solidifying of No. 1 and the injection of No. 2 the time 
elapsed may not have been great enough to cover the whole period of solidifica- 
tion of the larger masses of No. 1. If this were true a later injection of No. 1 
might elsewhere cut an already solidified body of No. 2, in which case the 
apparent relations in age would be reversed. The preponderance of evidence 
would seem to show that in the Black Hills the phonolite magma as a whole is 
younger than the rhyolite magma. 

Many occurrences in the field of dikes of one kind of porphyry cutting 
another may be cited. In the Two Bit district the greater masses of syenite- 
porphyry vary from a hornblende facies to one characterized chiefly by large 
orthoclase phenocrysts with poikilitic intergrowths of plagioclase and other 
minerals. Dikes which cut this rock are in general like the mass of Bear Den 

a See Crofls, Whitman, The laccolithic mountain groups of Colorado, Utah, and Arixona: Fourteenth Ann. Rept. U. S. 
Geol. Survey, pt 2, 1896. Alao Weed and Plrsson, Judith Mountains of Montana: Eighteenth Ann. Rept. U. 8. Geol. 
Bnrrey. pt. 8, 1896. 
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Mountain, which is an outlying 8uboi-dinate laccolith. They are of trachytic, light- 
colored poi-phyry, showing pink microcline phenocrysta. They may bear some 
relation to the phonolites. A similar rock with amljer-colored feldspar phenocrysts 
in a gray matrix cuts tine-gmined white aphanitic rh^'olite in a small dike on 
the Terry bninch of the Fremont, Elkhorn and Missouri Valley Railroad, on the 

spur l)etween Fantail and Nevada 
gulches. (Fig. 2.) Near Alkali 
Creek, on the divide from Van- 
ocker Creek, numerous dikes cut 
the tine-grained rhyolite mass. 
These are a puiplish trachytic roi^k, 
with glass}' feldspar phenocrysts, 
showing striation (probably oligo- 
clase) and a decomposed bisilicate. 
Other cases of the rock with pheno- 
crystic pink (microcline) feldspar 
cutting the rocks of the rhyolite- 
andesite series occur on the spur south of White Rock, just above Deadwood, 
and on the ridge west of the head of Spruce Gulch. Near the sawmill north of 
Kirk Hill a gray rock containing much mica and yellow feldspar occurs as a dike 
cutting light-gmy rhyolite which shows some hornblende. It is probable that these 
are mostly phonolitic rocks which cut rocks of the rhyolite-andesite magma. 




Fig. 2.— Green phonolUe cutting rhyollte-porphyry. Fremont Rail- 
r«Mid, near Nevada (Jnlch. 




Fio. 3.— Rhyolite cutting green porphyry near Aztec. 

Irving has described four casc^ of phonolites cutting quartz-porphyries and 
diorite-porphyries. 

A very uiuisual case (tig. 3) is shown in a section near Aztec, on the Burlington 
Railroad (Speartish branch). Here a mass of green phonolitic phorphyrj' is 
apparently cut by an irregular swelling intrusion of white rhyolite of the fine- 
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grained decomposed type so common in the region. Both occur, as shown, at a 
sloping dike contact with Cambrian shales. All the evidence in this case would 
show the rhyolite to be the younger, or contemporaneous with the phonolite. 
The second alternative is the more probable. The two magmas may grade into 
each other, and in this case perhaps the green jegirine rock was still viscous when 
the stream of white rhyolite was injected through it. It is hoped that more 
extended study of the petrography of the region will throw light on these relations. 

GEOLOGICAL AGE OF PORPHYRIES. 

The geological age of the porphyries may be stated in only the most general 
terms. The Bear Butte and Little Missouri Buttes laccoliths were intruded into 
Benton Cretaceous and were unquestionably covered by Niobrara limestones. 
Jenney has found pebbles of Black Hills porphyries in the conglomerate at the 
base of the White River beds to the southeast, and similar fragments occur in the 
Tertiary beds at Lead. The Lead Tertiary clays (Oligocene i) are deposited in an 
old topography 1,800 feet below the present poi-phyry summit of Terry Peak and 
on divides 300 feet above the adjacent gulches. As these clays were flood-plain 
or lake (?) deposits, of a mature stage in the earl}^ Tertiary dissection of the region, 
an additional 200 feet may be considered a most conservative estimate of height for 
the original porphyry upper limit of the Terry Peak Mountains. This porphyry 
at the time of its intrusion was covered by a thickness of strata not less than 
that of all the formations below the highest beds invaded; a minimum estimate 
would make this not less than 2,500 feet. This would imply a total thickness 
of rock eroded away above the present Tertiary beds at Lead of 4,500 feet (2,000 
erosion + 2,500 thickness); accordingly, the later limital epoch of the intrusion 
period may be expressed as the beginning of a 4r,500-foot erosion period prior to 
the Oligocene, while the earlier limital epoch is the Niobrara. Between these 
there is the choice of Pierre, Fox Hills, Laramie, and. Eocene times for the 
intrusion. 

By analogy with the Rocky Mountains the greater uplift in the Black Hills 
probably took place after the close of the Laran^ie. The only evidence in the imme- 
diate vicinity of the Black Hills bearing on the question whether Laramie beds ever 
extended over the present site of the hills is the fact that they are tilted up by the 
Black Hills uplift on the west side; if they did so extend they may have attained a 
thickness of several thousand feet. The thickness of the Jura-Cretaceous below the 
Laramie is 4,000 feet.** If the first uplift of importance was in Eocene time and 
Laramie beds were present, the erosion depth at Lead may be increased by several 
thousand feet. There are analogous intrusions of Eocene age in the Rocky Moun- 

aThe writer is indebted to Mr. N. H. Darton for data and discussion on this question. 
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tain district in sufficient number to render very probable the occurrence of ig^neous 
activity, concomitant with uplift, in the Black Hills at that time. That orogBnic 
disturbances took place concomitant with intrusion is proved by the relation of 
the Algonkian-Cambrian contact to the porphyries at many places, the latter filling' 
fault fissures. After the energetic erosion that led to deposition of Oligocene beds 
and probably reduced the topography of the Hills to much lower relief than that 
of the present day, "there was a further uplift, which has given a very strong 
tilt to the White River deposits."** No porphyry now revealed can have accom- 
panied this last uplift, which may still be in progress. By this last movement the 
Oligocene beds at Lead have been lifted and the present gulches have since been 
carved below them. The following is a summary of the evidence for the Eocene 
age of the erupt ives: 

Laccoliths in the Benton. 

Deformation concomitant with introsion. 

Porphjrry pebbles in Oligocene sediments. 

(Post- Laramie uplift of Rocky Mountains. 
Poet-Laramie intrusions of Rocky Mountains. 

„ , . . ^ . , f Probable erosion of 6,000 to 8,000 feet of strata from above level of 

EruUaMiti frv^m phyfujgraphy.j 

I present Tertiary clay at Lead. 



Evulence from gef>io^ 
ErvUsncfs f rrim analogy 



DISTRIBUTION OF IGNEOUS BODIES. 

The intruHivo. roi;ks occur as stocks and dikes in the Algonkian schist, sills in 
the Cambriiin Mbales where that formation is thick, and laccoliths, which thin out 
into hHIh in the Cambrian, but rise into thick domes of limited horizontal extension 
where the magma has broken through the massive Carboniferous limestone and 
efycaped to higher horizons. These relations will be best understood by reference 
to the map (PI. I), where Custer Peak, the Woodville Hills, Deer Mountain, Dome 
Mountain, and the Iron Creek mass represent laccoliths in the Cambrian associated 
with the broad sill district; this in turn surrounds the schist area of stocks and 
dikes. Outlying masses, of steep domical form, which have broken through the 
limestone are Ragged Top, Citadel Rock, Crow Peak, Whitewood Canyon laccolith, 
Pillar Peak, Bear Den Mountain, Deadman laccolith, Tilford laccolith, and Bear 
Butte. The great mass of the Vanocker laccolith on the east is an exceptionally 
large body which in part has broken across the limestone. To the north Crook 
Mountain and Elkhorn Peak are domes of Minnelusa sandstone, where' erosion has 
not yet revealed the poi-phyry. 

In the schist area many hundred dikes occur, trending usually about N. 30"* W., 
parallel to the Algonkian lamination, and this trend in a general way corresponds 
with that of some of the larger laccolithic groups. 

a Quoted from Mr. Darton. letter to the writer. 
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Thus a line of porphyries may be drawn from Custer Peak to 3 
Crow Peak, from the Tilford laccolith to Elkhorn Peak, and from ^ 
Two Bit to Polo Peak, possibly indicating an alignment of conduits g 

beneath. At four points stocks have been indicated on the map, ^ - 

namely, at False Bottom Creek, Deadwood Gulch, Pluma, and a | 3 

small mass east of West Strawberry Gulch; there are probably g ?• 

others in the hills west of Lead. The mass at Pluma is a great E | 

dike for a portion of its course, but becomes complicated with 5 1 I 

stock-like bodies, and is of such size as to warrant independent 5^1 

mapping. The area of sills in Cambrian shales has its best ex- 2^ % 

posures on Two Bit Creek, Spruce Gulch, on the ridge southeast of f ^ 1 

OB d ^ 

Deadwood, on False Bottom Creek at Garden, along Squaw Creek, | ^ ? 

and on Annie Creek. |l 

go. 

HOMESTAKE DIKES. ^ | 

2,? 

A section from southwest to northeast through the Homestake ^ a. 

and Caledonia open cuts (fig. 4) serves to illustrate the frequency © ^ 

and thickness of dikes in the schist area that were conduits for ^-'* 

westward-spreading sills and laccoliths. Here the schist dips to | g 

the east and contains much quartz, which in places is distinctly 35 

quartzite, elsewhere is massive quartz. The schist is red and ai g 

ferruginous in this region, but talcose, slaty, or graphitic where 1 ^ & 

less altered. The dikes average 35 to 40 feet in thickness. Three | # ^ 

dikes in the Homestake section are associated with breccias: in one 5- ^ ? 

case on the foot wall; in another the fragments of schist are g k 1^ 

embedded in the igneous rock; and in the third case a breccia 6 i | p 

inches thick occurs on the hanging wall of a small 4-foot dike high E '^ 

up on the eastern slope of the main cut. These breccias some- | U 

times contain fragments of both schist and porphyry, and there- § ^ 

fore might be the product of faulting subsequent to intrusion. « 5 

In other cases they are unquestionably the product of brecciation * ^ 

concomitant with intrusion. p| 

?iff Q 

PSEUDO-CONOLOMERATES. ?^ | 

a ^ ts 

Besides the dip away from the core of the Black Hills, which, I ? | 

on the rim of the uplift, uniformly indicates deformation of once ' g o 
horizontal sediments by forces other than those immediately gener- ^ ^ 
ated by the recent intrusives, there is interesting evidence presented | 
by the limestone breccias which are so abundant in the Cam- 2 
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brian. These occur in lenticular masses, sometimes merging into unbroken lime- 
stone flags interspersed among }>eds of green shale, the flags carrying trilobite 
fragments. These fragments of trilohites may also ]>e seen in the flat or rounded 
'"lobbies"" of the limestone brec<'ias, and this liars the |K>S8ibility, suggested by 
Crosby," that these breccias are conglomemtes derived from an Algonkian lime- 
stone. The breccias in ([uestion were formed by crushing, accompanied in some 
cases by minute foldings of the limestone bands, the brittle lamina* breaking on the 
most acute flexures, or else breaking into flat pieces under the influence of pressure 
without any considemble flexure. 

Infiltration of waters which dissolved off the edges and corners of these broken 
fi*agments later cemented the mass >)y depositing crystalline dolomite as a matrix 
for the pseudo-conglomerate. These " intraformational breccias" are abundant in 
the Two Bit district, where are also many sills and dikes of ]>orphyry, and the ques- 




Fio. 6.— Upper contact of rfll cutting limestone breccias, Galena. 

tion frequently arises in the field whether the deformation which fractured the 
limestone beds, and the waters which cemented them, were in any way associated 
witli the intrusives. A negative answer to this (|uestion was clearly afforded by the 
upper contact of the sill figured (fig. 5). In the lenticular masses of limestone 
breccia here shown there are developed locally distinct folds, which pass by grada- 
tions into a breccia, holding fragments tilted at all angles, frequently without order 
or arrangement. Careful examination shows that often these may be resolved into 
former folds })v joining the adjacent ''pebbles." The work of solution and recrys- 
tallization on the fractured beds has nearly obliterated the original crumpling. 

This locality, showing distinct crumpling occasioned }>y the porphyry in some of 
the beds and the ancient crumpling associated with the development of the pseudo- 
conglomerates, offers an excellent opportunity to test the question whether the 
poi'phyry was immediately the occasion of the brecciation. The contact shows 



tt Proc. Boston Soc. Nat. Hist., vol. 23, p. 497. 
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distinctly that it was not. The limestone breccias are irregularl}' cut across by the 
porphyr}" both on the old folds and in places where all trace of folding has disap- 
peared. In other cases where fragments of the breccia still remain horizontal the 
porphyry cuts across fragments and matrix alike. The unbrecciated limestone 
bands are occasionally folded and fractured by the porphyry, and on the fractures 
there is evidence of some recrystallization, so that it is not impossible that in places 
a newer breccia may owe its origin to deformation by intrusion; but in most cases 
the limestone breccias of the Cambrian were formed before the intrusives. This is 
further evidenced by the fact that these breccias occur in man}- parts of the Hills 
where the 3'ounger eruptives are absent, so that it is fair to conclude that the 
evidence indicates a period of deformation later than the Cambrian and earlier than 
the laccolithic intriLsives. Similar limestone breccias occur less abundantly in the 
Carboniferous and Permian limestones. Weed has figured" a Cambrian limestone 
conglomerate from the Judith Mountains that in the photographic illustration is the 
exact counterpart of the Black Hills Cambrian l^ds. He believes it to have been 
formed on a shingly beach. The writer would suggest that possibl}" many supposed 
conglomerates may be intraformational breccias* comj^osed of limestone fragments, 
formed by crushing and recrystallization of matrix, as described, rather than by 
uplift above sea level. 

^ 8U>I]VIARY OF DYXAMIC HISTORY. 

The geologic map of the Sturgis-Spearfish quadrangles (PI. I) snows a region 
of concentrated igneous activity about the city of Lead. This region is also a 
center of ore deposition, the sulphides and their derivatives being closely associated 
with the porphyries. The precious metals are known to occur in Algonkian schists, 
in the pre-Cambrian granitic eruptive rocks associated with those schists, through- 
out the Cambrain, and associated with laccolithic bodies. There are some pro- 
ductive mines in Siluro-Carbonifcrous Ihnestones, and ores 0(»cur in the Tertiaiy 
porphyries themselves. 

Structurally, the Lead eruptive center is an area of laccoliths in and below 
the massive limestones of later Paleozoic age and of dikes and stocks in upturned 
schists forming the conduits of sills in the thin-bedded Cambrian strata. From 
Custer Peak to Richmond Hill, where erosion has gnawed deepest into the eruptive 
region, stocks and dikes in schist are abundant. Surrounding this area the 
Paleozoic section shows sills in Cam])rian strata, and laccoliths at the base of the 
great limestones. 

It has been shown that the igneous intrusions of Vhyolite and phonolite 
porphyries accompanied or immediately followed a great movement of uplift in 

a Weed and Pirason, Judith Mountains of Montana: Eighteenth Ann. Kept. U. S. Ge<3l. Sun-ey, pt. 8, 1898, PI. LXX. 
Also, Little Belt Mountains: Twentieth Ann. Kept. U. S. Geol. Sun-ey. pi. 3. 1900, PI. XXXIX. 
fcWalcott, C. D., Bull. Geol. Soe. America, vol. 5. pp. 191-198. 
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Ihe area now occupied by the Black Hills.^ This uplift arched the horizoDtal 
iftrata of the plaiu^s into an elongatf^ dome: schists beneath, with nearly vertical 
Ijedding and lamination, moved up by faulting and .slipping, frequently on planes of 
mrhiiiUM<it\\ Erosion has completely removed a portion of the sedimentary cover, 
•*xpoi*ing two kindn of nectionn whi^reby the solid geometry of structures within the 
uplift fnay lie studied. One Ls a Ix'veling across the top of the dome, exposing a 
ground plan: the other U a <le<*p trenching by streams through the flanks, exposing 
verUf:n\ **roK>i iiection»>. The igneous matter rose through the steeply inclined schist 
\3uu\fki^ awi spread out among the sediments which lay across them unconformably. 
lirfi9^i<Hi l>e\'eling lias expoM»il dikes in the schist and flat masses in the later strata. 
TJi*' walk of erosion trendies show the thickness of the sills and lenses and 
v/fi**4iiii^ their junction with feeding dikes. 

Til*' intrusives are conrined to the northern portion of the uplift. The southern 
f^/rium wua rx!:^:upie^ by massive ancient p(?gmatite granites, themselves pre-Cambrian 
:f/«fiii<ive« in Algonkiaii strata. Prolmbly they acted as a rigid cementing and 
(Mr^U^nifig agent to prevent fnwturing in the southern schists; the northern, less 
i^iitruU^i phyllites crar^ked and faulted more readil}^ to permit the younger intrusives 
V/ fiM'. from the depths. The northern exposed schist areas contain many hundred 
'JfA-^Js aiul is^/fiip KtockK; these must have induced movements of horizontal extension 
,fs 1*/^ ly'biiit, and such movements are attested by l>edding plane faults at the base of 
$$^ f /ttmhrian. The dikes have a common trend and dip parallel with schistosity. 
7^^ 'Jij/ gave them timdency to spread in the Cambrian in one direction more readily 
f$0^f4 U$ an^/tiii^r. In Cambrian thin-bedded strata with many shale horizons sills 
f//f^0^4 ut great numl>er. Above lay the thick limestone; it resisted upward move- 
f^,^^^* of the (Kirphyries and locally became domed and arched. Beneath it were 
f//ffff/'4 ih** prin<!ii>al laccoliths of larger size, the largest where the limestone was 
fff,4,$^iti. Stf/me of them were unsymmetrical, partly because they were injected into 
.^^j»-r^# (^^*sBi**>*»ing an initial dip, partly because their conduits sloped and the magma 
^',y.' VfffM forward in one direction. On one side the limestone was flexed beyond 
hf*' hp*mkUti( |ioint; a fracture opened and admitted the igneous fluid to higher 
¥r^/ft/^f0^i forming subordinate laccoliths. The subordinate laccoliths are charac- 
fhff/^f} hy alii I greut(;r lack of symmetry; their sides are steeper than those of the 
^fHfh /'^"^''(Hh; they fault and crumple the beds about them. Associated with dikes, 
,fl i4fffi |iM eoliths are Jireccias composed of fragments of the rocks through which 
Htt k^h^-nHa iMHgma passed. There is no evidence that the intrusives were connected 
rikh ■ftti^-'ti volranics. In general the phonolites are younger than the rhyolites; 
H'ftit ffl ^h»' l<irg«'r main laccoliths are formed wholly of phonolite; the phonolite 
in'f^'t ^itnmiU llie larger bodies of rhyolite-porphyry and solidified in smaller 

i „^..^ I .. iMiittWlUH of the Black HIIIm: Twcnty-fin»l Ann. Kept U. S. Geol. Survey, pt. 3, 1901, p. 280. 
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masses at higher horizons. The greater number of subordinate laccoliths, however, 
are of rhyolite-pophyry; these include Bear Butte, Deadman, and Whitewood 
Canyon laccoliths, Crow Peak, Inyankara, and Sundance Mountain. The magmas 
which formed the subordinate laccoliths were beginning to solidif}' and hence were 
more viscous; this is proved in part by fewer sills, by domes of smaller ground plan 
and greater convexity, and by diminution in total volume of intrusive rocks in the 
higher strata. The characteristic forward and upward movement of intrusive 
through strata is b}^ way of strike fissures. The lower contact of sills and laccoliths 
frequently truncates or bevels strata obliquely across the bedding. The horizons, 
where a single stratimi is followed for some distance, are composed of soft shale 
confined between harder beds. 

Erosion has left laccoliths covered, partially uncovered, and deepl}^ dissected, 
and in places has removed them entirely or left only scattered remnants. Conduit, 
basement contact, wedge, flank, crest — all parts of the laccolith are exposed, in plan 
and section, in different places in the Black Hills. The evidence quoted points to 
Eocene time as the age of intrusion. There were several thousand feet of strata 
above the laccoliths, and the soft Cretaceous shales absorbed laterally the doming 
produced by individual intrusive masses. Trunk drainage consequent on the Black 
Hills uplift was deflected by adjustment to the domed hard strata that were gradu- 
ally uncovered; branch di-ainage, dependent on the relation of i*ainfall to form and 
texture of surface, continually changed with the discovery of hard and soft strata, 
producing hills in hard domed beds and annular valleys in soft ones. Such annular 
valleys were eventually superposed on porphyry, and persist in several deeply dis- 
sected laccoliths, such as Custer Peak and the Woodville Hills. Where an annular 
valley on the contact of porphyry and flanking sediments became superposed on the 
basement stratum, its course preserved approximately the outline of the laccolith 
after the same was in great part eroded away. 

HISTORY OF INTRUSION. 

The history of intrusion in the northern Black Hills is believed to be intimately 
avssociated with the history of the larger defonnation. Intrusion is not conceived 
to have been in any sense a cause of the greater uplift, but an effect. The intru- 
sions were a small incident in a great movement of elevation. The greater uplift 
probably took place after the close of the Laramie, along with similar movements 
in the Bighorn Range and the Rocky Mountains. Whatever their cause, these 
movements were colossal and involved a considerable section of the earth's crust; 
doubtless there had been similar movements about the hard granite core of the 
Black Hills from the earliest Paleozoic times. There was unquestionably some 
defonnation prior to the laccolithic intrusions, for these broke across previously 
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brecciated Cambrian flags and encountered dips already initiated. The post- 
Laramie uplift was accompanied by profound fracturing. The fractures reached 
downward to a zone where molten rock was under pressure. The liquid shot 
upward into every ramification of the fracture system: Algonkian, Paleozoic, and 
Mesozoic l^eds were in some sense under compressive stress, rising slowly, the hard, 
competent members supporting the arch, the soft }>eds following the lead of their 
more resistant neighlK)rs. Diversity of structure and consistency produced minor 
diflferential movements of faulting and folding. The upturned schist beds slipped 
like cards on edge to make undulations in the basal Cambrian quartzite, which was 
also faulted in places. Springing into every weak place, spreading the beds and 
crumpling the soft ones wherever there was tendency to gaping by reason of the 
greater burden assumed by the more rigid strata, the igneous magmas reached the 
Cambrian througli countless fissures in the schist beneath. The change in structure 
at the Algonkian-Cambrian unconformity was especially favorable to the develop- 
ment of local weakness that would give advantage to an igneous wedge. The Pale- 
ozoic horizon least compressed lay under the Car])oniferous limestone. The thick 
limestone member, most '^'ompetent " to support load under lateral pressure, 
relieved the soft shales beneath in many places. The porphyry magma was itself 
probably under pressure and capable of independent dynamic action relative to indi- 
vidual beds invaded: whether that i)ressure was in any way limited by the actual 
voluuie of magma available, or what hydrostatic or thermal law governed it, we 
have no means of knowing, but it is (juite certain that the pressure of igneous fluid 
relative to the condition of the limestone was suflicient locally to arch up and break 
through that stratum and some of the superjacent beds. That it did not do this 
until it was beginning to solidify is in part suggeste<l hy the fact that only a rela- 
tively small volume of porphyry broke through the limestone to higher horizons. 
The fact of local doming and fracturing of the linie.stone by the ix)rphyrv does not 
of necessity imply that the lava in each of thos(» domes lifted the load; it l)ent and 
pimpled the limestone within an arch of enormously greater magnitude, comi)osed 
of several competent members that w(»re collectively supporting the total weight of 
sediments. The fact that th(» greatest doming of limestone over porphyry at the 
Terry-Polo complex took place where the limestoiK* was thinnest shows that it was 
not the weight of sup(»rinciim])ent beds, l)ut the inflexible quality of the thicker 
limestone which resisted doming. It is e(iually clear that the size of the laccolith 
is entirely independent of load; the smalh^' Ragged Top and the greater Deer 
Mountjiin laccoliths are both intruded at the same horizon; the Vanocker porphyry 
mass, probably the largest singK* laccolith exposed, reaches the Upper Carbonif- 
erous, while comparatively small subordinate laccoliths, like Crow Peak and the 
one in Whitewood Canyon, are intruded under Obolus beds at the base of the 
Cajubrian. 
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13E8CRIPTITE GEOIiOGY OF MINTN^G DISTRICTS. 

A few typical sections, made from surface measurements of beds in strati- 
graphic succession among the ore-bearing horizons, will suflSce to indicate the 
nature of the Algonkian and lower Paleozoic strata. 

ALGONKIAN. 

The two most striking Algonkian sections are those adjacent to the two largest 
ore bodies, namely, the Homestake and the Clover Leaf. 

SCHISTS SHOWING SYNCLINAL STRUCTURE NORTH OF HOMESTAKE MINE. 

A section from west to east on Deadwood Creek near Central shows the 
following Algonkian rocks: 

Just west of Central there is a contact of graphitic schist on the west with spotted 
mica-schist on the east, trending N. 30° W. Opposite Blackstone's house occurs 
a heavy ferruginous black schist with quartzite bands 1 to 2 inches wide cut by 
irregular white quartz bodies which form a distinct zone. The sandstone bands 
clearly increase in size on approaching the De Smet open cut from the west. 
Farther down the gulch, opposite the De Smet cut, ferruginous schist on the west 
is found in contact with gray mica-schist on the east, accompanied by a sudden 
change in dip. The dip hitherto has been toward the east at high angles, but 
around the point in Sawpit Gulch the outcrops are all gray mica-schist, with a 
few very thin sandstone stringers, and have a uniformly westerly dip. This 
sudden change of dip just opposite the De Smet and Homestake ore bodies is 
significant, and suggests that perhaps the great ore body may fill a synclinal saddle 
pitching to the southeast. A short distance up Sawpit Gulch from Central, on 
the Columbus ground, a trench has been opened along a pyritiferous streak trend- 
ing N. 34° W. This trench is directly in the line of the De Smet and Homestake 
workings. 

SCHISTS SHOWING SUDDEN CHANGE OF STRIKE NEAR CLOVER LEAF ORE BODY. 

East from Perry the Algonkian garnet schist strikes S. 85^ W., with marked 
lamination. This trend is transverse to that of the Clover Leaf open cut southwest 
of here. Eastward along the ridge on the north side of Elk Creek there is exposed 
garnetiferous mica-schist with numerous quartz lenses, some of them folded, 1 to 6 
inches thick. The quartz shows rounded granules; it is difficult to determine 
whether they are cataclastic or sedimentary. The lamination is wavy, trending 
S. 50^ W., but varying greatly in a single outcrop, even to north-south strikes. 
Just south of this outcrop are crossed graphitic schists, ferruginous quaitzite, and 
amphibolite with a trend of S. 62° W. 
4987— No. 26—04 3 
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The next spur to the east shows to the north 80 to 100 feet of white quartz 
above with amphibolite trending west-southwest on the point of the spur. Farther 
east is found a ledge of mica-schist with lamination N. 52^ W., and a whit-e 
banding distinct from schistosity trending N. 75^ E. The structure approaches a 
drawn-out linear parallel schistosity. The white quartz zone is on the souths, both 
on this spur and the next spur to the east; the southern extremity of the spur is 
occupied by a well-marked fold of mica-schist showing light and dark bands and 
pitching to the south. Following out the ridge we come to an 80-foot ledge 
of ferruginous quartzite showing contortions and jaiiipery texture. On both 
sides of this salient reef occur great nuisses of amphibolite trending northeast- 
southwest, with southerly dip. This dip is characteristic of the whole section. 
There is here again a northwest-trending lamination distinct from the banding. On 
the east of the little gulch to the north of this ridge occurs mica-schist with layers 
of micaceous sandstone. Both lamination and bedding here trend N. 10° W. This 
northerly strike is repeated in the schists of Elk Creek Canyon, a short distance 
farther east. 

Summing up the Algonkian section along the ridge northeast of the Clover 
Leaf mine, we see that the west-southwest strike is unusual, suggesting that there is 
some sudden change in the structure east and west of the ridge in question. This 
change, on the west, takes place in the immediate vicinity of the Clover Leaf ore 
body. The section across the strike, from north-northwest to south-southeast, is as 
follows: 

Gametiferous mica-eohigt. 

Graphitic schist. 

Ferruginous quartzite. 

Amphibolite. 

Mica-schist. 

White quartz. 

Mica-schist. 

Amphil)olite. 

Quartzite. 

Amphibolite. 

CAMBRIAN, ORDOVICIAN, AND CARBONIFEROUS. 

The following tabulated sections show the characteristic details of the lower 
Paleozoic rocks, which are referred to on the foregoing pages, in the diagram 
(fig. 1) and in the table of formations (p. 20). The first of these sections is in the 
mining district near Terry Peak; the second is farther south near Englewood (the 
type locality for the Eocarboniferous limestone), and the third is on Bear Butte 
Creek, near the town of Galena, where the Deadwood and Englewood formations 
are well exposed in association with sills and dikes. 



CAMBRIAN SECTION. 35 

TERRV PEAK SECTION. 

Section in lower part of Cambrian terrane^ Spearjish branch of the Burlington and Missouri Railroad, 

from northeast slope of Terry Peak to near Emjlewood, 

Ft. In. 

Ferruginous sandstone in 2-inch layers with green shale partings 5 

Coarse, massive, ferruginous sandstone with olive-green shaly surfaces 4 

Gray, fine sandstone, in places greenish, irregularly blotched with purple, and containing 

limonite. Contains a few scattere<i worm borings 10 

Limonitic earth 10 

Very glauconitic, loose, ferruginous sandsUjnt' 5 

Much decomposed siliceous sandstone, weathered locally to shales and hematitic earth ... 5 

Gray, siliceous, chert-like, fine-grained, compact sandstone in beds of 2 to 4 inches 1 6 

Single bed, gray, exceptionally siliceous sandstone, very little cement, some seams of limo- 
nitic earth 8 

Fine-grained, dusty, glauconitic sandstone 8 

Limonitic glauconite sandstone, less ruste<l than below, more siliceous toward the top. 

Massive 3 to 4 inch beds 11 

Massive glauconitic rusted sandstone 2 

Massive rusted glauconitic sandstone in benches w^ith a few interl)e<ided shales 30 

Altered flags and brown sandstone. Dip, 12° NW 15 

Coarse, brown, massively bedded ferruginous sandstone 2 

Thin-bedded glauconitic brown sandstone 3 

CVoss-bedded brown ferruginous sandstone with f ucoids 6 3 

Thin-bedded, shaly, glauconitic sandstone with two or three 2-inch layers of brown sand- 
stone 6 

Very rusty glauconitic brown sandstone 1 

Thinly laminated ferruginous sandstone with glauconitic layers 5 

Same as above, in 3 to 5 inch beds 8 

Same as above, very rusty, and in some places l)e<ided in massive blocks 8 

Brown sandstone with irregular 2 to 3 inch beds 20 

Massive reddish and glauconitic sandstone 4 

Thin, gray, shaly sandstone, highly glauconitic in places, weathering pink, purple, and blue. 9 

Talus slope, showing three massive limestone breccia members, averaging 1 foot each 6 

Thin-bedded limestone breccias 5 

Gray, friable, sandy flagstones in thin J-inch beds 5 

Paper shales and limestone breccias ( intruded by i)orphyries ) 40 

Thinly laminated, fine, green-gray, shaly sandstone, more shaly below, sandy above 8 

Shales with interbedded flagstone breccia; fine, gray-green, sandy parting beds among the 

shales decrease from here eastward 16 

Paper shales with a few 2 to 4 inch beds of limestone breccia with trilobite fragments .. 5 
Semicrystalline impure limestone slightly brecciated; divided into 4-inch bands of dark 

brown, red, and green 2 

Paper shales with 1-inch limestone beds 3 

Thin-banded semicrystalline limestone flags in J to 3 inch be<ls 3 

Calcareous dark-brown semicrystalline sandstone containing obolus and trilobites (Dicello- 

. mus nana) 2 
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Pt. In. 
Brown glaaconitic and calcareous sandstone, parted !)>* fine black slaty shales into layers 

one-half inch to 4 inches thick 1 6 

Fine, gray-black, well-jointed paper shales, crumpled 5 

Limestone flags containing limestone breccia, with two 2-inch beds of black slaty shales 
above and below 2 

Rusty calcareous sandstone in 1 to 8 inch bands sei)aratiHl by layers of light-green shale, some- 
times glauconitic, 1 to 3 inches thick. Both members are glauconitic, the sandstone more 
so than the shaly memlx^rs 7 

Rusty calcareous sandstone in IkhIs 3 to 15 inches thick. Highly ferruginous, lemon-yellow 
to ocher colors and dark re<i brown. As a whole this coarse meml>er weathers dark red . . 5 

Much disintegrated red, brown, and yellow ferruginous sandstone. Small crystals of hematite, 
much limonite, veins of a carbonate and a manganese (?) mineral 10 

Fine-grained limonitic quartzite, open structure, whitish, in Ijeds 4 to 6 inches thick. Miner- 
alized upper surface of basal quartzite 4 2 

Eight to 10 beds, gray-green paper shales above, 4 layers of limestone flags below 6 

Quartzite carrying trilobite shields and quartz in druses; upper surface red with scolithus 
borings 1 

Pure siliceous sandstone, showing round grains and practically no cement; nearly a quartzite. 
Weathers rusty into massive beds and is slickensided; the slickensides show horizontal 
movement along a vertical plane 10 2 

(Quartzite blocks in talus below, carrying trilobite shields. This near base of basal quartzite 
of the Cambrian. The fauna is middle Cambrian. Talus of Algonkian schist 30 

EXGLEIVOOD SECTIOX. 

In lower Paleozoic rockSy on Burlington and Mmouri River Railroad^ 2 milen southwes of Englewood, 

PAUA8APA LIMESTONE. 

Ft. In. 
Gray limestone shows a dip discordant with the Englewood limestone below and an uncon- 
formity on it along an almost horizontal line. Dip, W. 28°. The Pahasapa beds at the 
contact are progressively truncated toward the north. The discordance is not wholly one 
of unconformability, because deformation at the south end of the cut affects both form- 
ations alike and there is probably some thrusting 250 

ENGLEWOOD LIMESTONE. 

Purplish limestones. At north end of cut <iip is 35° to 50° easterly; at south end 27° 
S. 80° E 50 

Greenish-gray shales in railroad cut underlying the Englewood limestone. The shale is 
lumpy, light green on fresh surfaces, with dark- purple markings that show circular 
section across the bedding and linear, fucoid-like, cylindrical bodies on the bedding planes. 
As this almost certainly overlies the orange-colorerl Zaphrenlis-hetLnng rock, it is probably 
Lower Carboniferous 14 

ORDOVICIAN (?) OR ENGLEWOOD. 

[The following beds are from alx)ut the Ordovian limestone horizon downward, going north 
across strata dipping about 4° SSW., immediately under the great limestone quarry.] 

Orange-colored arenaceous limestone bearing ZaphrentiSf crinoid stems, and brachiopods, 
apparently in place. 
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CAMBRIAN'. 

rt. In. 
Talus 40 

Green paper shales 10 

Talus 80 

Massive pink fucoidal limestone 40 

Paper shales and cak»are<>us flags 12 

Oc'her-yellow c-alcareous sandstone 26 

Green paper shales 6 

Arenaceous limestone with green shale surface, showing mud cracks with filling colored red. . 1 

Massiye hard arenaceous limestone 6J 

Light-green paper shales and thin limestone flags, with irregular fucoidal surfaces and mud- 
cracks 17 

Massive calcareous quartzite coated with calcite on joint surfaces. Red on fresh surface, show- 
ing much crystalline carbonate 24 

Glauconitic sandstone, laminated on cross-bedding planes, with fucoids, in part deep green 
and full of glauconit€. In other places dark red or limonitic yellow. Some of the higher 

beds show ScoUthtut (?) borings. Dip, 3° to 4° southerly 16 6 

Very coarse, loose, and friable sandstone, with limonitic cement and some glauconite 3 

Ripple-marked glauconitic and ferruginous sandstone; massive as a whole, but separated into 
ripj)le-marked slabs. The slabs are coated with hematite. Evidences of disturbances, 
such as cross bedding and ripple marking, increase in the upper members of this section as 

a whole 20 

Dark-green, glauconitic, arenaceous shale, very full of glauconite 3 

Ferruginous sandstone in two massive beds, separated by a thin band of shale 33 

Bright-red sandstone, prolmbly the "Red Band." Carbonate occurs in veins and druses. 
Limonite occurs in irregular spots, as well as, throughout the mass of the rock, a little 
glauconite. Rock is massive, showing some bedding lines and slightly wavy upper surface. 3 
Glauconite shale. The bedding is here irregular and variable within short distances; cross 

bedding is common; this shale band thins out and is replaced by the red band above 10 

Massive glauconitic sandstone. Variation in thickness is <lue to ridges resembling wave marks 

of 2 to 3 feet wave length and 2 to 3 inches height. Rock shows cross bedding 9 to 14 inches 

Glauconitic shale 7 

Massive glauconitic sandstone 11 

Arenaceous glauconitic shale 5J 

Massive ferruginous sandstone, showing limonite, quartz, and red matrix. Very little glau- 
conite. Coarse cross l^edding dipping SVV., cut off N 21 

Highly glauconitic and massive sandstone 10 

Massive ferruginous sandstone, with a 12-inch qviartzite bed below, showing quartz grains 
in a hematitic matrix and some glauconite. The quartzite is massive while the upper 

members weather in 2-inch lamina; S 

Glauconitic sandstone in irregular laminae, capped by a series of red ferruginous sandstones, 

showing no glauconite and much iron. 4 2 

Gray arenaceous shales and irregularly bedded glauconitic shaly sandstones 20 

Glauconitic sandstone with very abundant glauconite, in tw^o massive bands, with tendency 
to part on the bedding 14 
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Ft. In. 

Mmmrf: Urmt^nfmn wmlfftrine, nhr/iring ^em |daiw>nite than in VKr«i ^J•fkJW 23 

Mamifr^ ^laorrmilK: Miyktrm^, ^howin^^ crr»w lif^Ming in plar<^, where the crow l-iei'line 

Uaninff, dip tr* the ^inth warr] u 13 

ffwrnth^X^ pink ami jf^^sen, Irione, fiofl, i»haly, jrianrrmiti** «aD«L4^>ne. In a «ii*>tanre «>f 6 feet this 

Jift^J tbin.4 ^mt mmpletely and m^Tj^ into the mamve «an«if»tr>ne above S 

f/fafKYmitifr Minrli>Ume with pink an^I tnj Pfraum*. Weather* in nuwive brown block*, 4 to 

10 inrh^;^ in thirkne^. Iiip. 6^ ?%SW 3 

Pink and sreen. ffirf»idal, I^i^jw*, ftfth, phaly, glancrmitir ?<ind.«tone. with pecaliar property of 

^/reakintr np inUf many lentib* on weathered pnrfare. l>nt «howini; a maarave Uuye 3 2 

MaMUve glanr-onitir j»and«t/^me, ffhowin^ many nnall wormy fnooid mark^f in cross sefti«»n, 
f rpfier miriauf^ cfoiijhf] with j^reen shale whii-h «how!« rf>naive impreenon^ of ir>arse n^py 
liurfA^U one-half to thrpe-foarth?* inrh in diameter, mixe«l with irregalar lampy ma.sge?.- 5 

Thinly laminati'fl ^i^reen r*ha]e rr>ntaining one hand which L« pinkii^h an«l nandy 1 

Mamive jflaiwrrmitir Mimlj<tone; joint wiriace oovere*i with globular and Ix^rj-oiilal coatinz of 
what appf«rM to lie a rrryjrtalline rar^ir>nate in white mai«pj*. Crow* eection *A lower 
fiart of thix lierl fih/>wfl pink fiy-oidal markings?. Thin^ 9oath and <:h<^»w8 cnn-e*! upper 

mirisuf. 4 f#*t long 3 5 

Hhaly glanr/>nitif' Mamli-tone with al/imrlant gray clay, lentiform fracture; fres>h purfaice is 

greeniMti jmiy nyKickled with glanc-^inite 19 

Alt^;mate iria«*ive Ijandn of glam^mite f^indftone and gray f»liale. The maflsive bands average 

3 incheH in thicknem. Been on a fre»*h cut thes^e lieds appear as a single massive band. .. 6 8 
Fine-jfrain^vl mlcare/^ufi glau<:r>nitic ><andftone irregularly bande<l pink and greenish gray. 

Tfie pink layem reprf*«'nt the fine-grainerl material of the ropy fucoid stems 4 

Kvenly laminate'] alternate layen* of glauconitic Handstone, thin gray paper shales and pinkish 
fiandy limeHt/me flagu varying in thickness from one-half inch to 3 inches. The surfa^'es 

of t hitw Hag«tone« are covered with small ropy fucoids 15 

MaM*ive ferniginous glauconitic Kamlstrme with small veinletf of (rarl>onate; 2 conspicuous 

Uirls 2 

Thinly laminate?'!, very argil larYTOus, glauconite shale, green gray in color, with small wormy 

fuc/»ids 5 

fflauconitic Mandstiin'* with limonite r^'cnning in streaks in cro>s section shaped like l)la<les 
of grass. Hurfa^'c ai a slab shows fuc/>ids in depref«ionM, and ridges like the mud-trails of 

a gastirrojKKl 8J 

(ilauconitic shale with clay s<;airis and grass-like fucoids in cross section 10 

CAffurm: limonitif! glauconite sandstone. Massive, with some bre<.*ciation like the asual lime- 

st/»n«* bre<'<'ias of tb«' Cambrian 14 

Hji. ('klc*! gray-green glanr'onitic sandst^>ne 15J 

Hard glau<'onitic sandstone, with pn'dominant quartz Hand. All of this series of sandstones 

weather re^ldisti brr»wn with the gmy-grwn cr>lors in the shales 4 

Irrejfular lentils of nhaly glauconitic sanrlstone with much gray clay. Frenh nurfa/re greenish 

gray HjM'ckh^^l with glauconite 7 

Very <!alnireous glauconitic Handstf)ne with mr)re carljonate visible under the hand lens than 
(juartx. Yellow clay tm interlarninar seams. Surface' gray and red sp^'ckh'^l, with some 

ap|M>arance of fucoids. ICvenly laminat(*d in one-half to 1-inch bands 3J 

Massive limonitit! glauconiU^ sandst^me, highly calc4in'ous, Hiirface stained with iron streaks. 

Fuc/)id liiipr<»<sions not pronounced 1 
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rt. In. 
Similar to next below, but more massive, with hematitic bands and fucoid cun-es shown in 

cross section 2 

Ix)08e shaly glauconitic sandstone, gray speckle<i witli dark green. Breaks into irregular 

lentiform pieces with one 2-inch massive band. Much gray clay .• 6 

Talus 6 

Impure glauconitic sandstone, calcareous and argillaceous. Fucoidal surfaces. A massive 

bed, with a minute clay-seamed lenticular structure 10 

Talus 1 

Coarse glauconitic sandstone, showing under the lens abundant transparent rounde<l quartz 

grains, with interstitial smaller grains of limonite and glauconite. Parallel to the 

stratification there are bands of more abundant glauconite and some crystalline carbonate. 

The whole lied is massive with some interlaminar slickensides 15 

Similar to the bed l)elow, with greenish- white clay on fracture surfat^es. There are small 

fucoids and some appearance of flat ** pebbles," or breccia fragments, indicating proximity 

to the horizon of limestone breccias. Lamime one-half to 1 inch thick 7 

Massive speckled glauconitic sandstone, purplish on weathered surface, with pinkish spots. 

Variegate<i color on fresh surface. Whole series here is more or less fucoidal 6 

Railroad cuts north of this point show fragments of the glauconitic series. Lowest bed 

exposed glauconitic shale. Apparent dip, 9°, S. 27° W. 

GALENA SECTION. 

Section in lower Paleozoic rocks, up Bear Butte Creek from road junction east of Galena. 

ENGLEWOOD LIMESTONE. 

Ft In. 
Massive limestone of grayish-yellow color with blotches of purple hematite that frequently 

form a coating on the fossils found in this be<i; some calcite druses. Dip, 8°, N. 70° E.. 8 9 
Alternating 8j)eckled yellow and pink bands of friable thinly laminated limestone, with much 

cr>'stalline calcite 3 5 

More massive purple limestone; 40 feet above is the base of the cliff of Pahasapa limestone . . 1 6 

Massive purplish and yellow beds, above a cliff of Whitewood limestone 4 4 

WniTEWOOD LIMESTONE (oRIX)VICI.\N). 

Massive gray limestone, spotted yellow; irregular, with lenticular laminae produced by 

weathering 15 

Buff-colore<i sandy limestone l)ecoining increasingly siliceous downward; massive, weathering 

to thin laminje 6 

CAMBRIAN ( DEAD WOOD FORMATION). 

Yellow and gray limonitic calcareous sandstone 2 

Massive brownish sandstone, with traces of scolithus borings 10 

Hard, white, Scolithus quartzite, with well-marked gasteropod borings thinning to the west . . 1 

Brown sandstone 4 

Hard white quartzite, Scui'di.na borings in upper surface, thinning toward the west A\ 

Pink and orange-colored quartzite 2 

Shale } 

Pink quartzite varying to white, without borings 1 

Pink sandstone 4 
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Ft. In. 

White quartzite 1 

Pink and yellow fine-grained sandstone. All of these beds show a tendency to convei^ge 

westward 9 

White quartzite J 

Pink sandstone 2 

White quartzite 2} 

White quartzite, weathering reddish on its upper surface 1 2 

Yellow quartzite, weathering pink 1 4 

Pink, yellow, and white sandstone, becoming more calcareous downwani 6 

Gray calcareous shales, becoming thinner bedded and more shaly downward, with fine gray 

slaty shales at the base; scolithus borings occur throughout this series 6 

Persistent white sandstone beds showing ripple marks in cross section, and veneered on 

its upper surface with gray shale carrying fucoids 6 

Brown shales with light-green surfaces and interbedded gray shales, showing ropy fucoids.. 2 
Cliff of massive brown sandstone, with glauconite beds on the south side of the creek. 

Dip due E., 8° on the E., 20° on the W 25 

Brown ferruginous sandstone, very glauconitic above and massive; below the rock becomes 

more laminated and contains less glauconite. Dip, 8° due E 8 11 

Massive dark-brown sandstone forming a single bed, with siliceous infiltration.s 4 3 

Glauconitic sandstone, with a more thinly laminated middle band 3 10 

Pale rose-colored sandstone, as below 8 

Massive brown sandstone 1 1 

Pale rose-colored, thinly laminated, shaly sandstone, with gray fucoids. This series seems 

to be thinning toward the west, and shows in that direction increasing shaly lamination. 11 

Brown sandstone 1 1 

Brown sandstone filled with yellowish fucoids " 1 9 

Strongly glauconitic hard sandstone 8 

Yellow and green shales, with fucoids and glauconite 4 

Soft rotten glauconitic shale 1 

Hard glauconitic quartzite 9i 

Soft shales 6 

Speckled brown and green sandstone, with glauconite? 1 

Thinly laminated glauconitic shale, with fucoid markings of yellow limonite. The whole 

series of rocks here is calcareous 10 

Massive red-brown sandstone, very ferruginous, with some glauconite 5 

Ocher-colored fucoid shale, with black blotches and thin films of green shale 8 

Glauconite shales, thin bedded, showing coarse ripple-marked surfaces covered with limonitic 

fucoids of ocher color 4 7 

Bright-green massive glauconitic sandstone 10 

Ocher shales 5 

Hard glauconitic sandstone, apparently thinning westward, with small yellow fucoid 

markings 4} 

Glauconitic fucoid shale, thinly laminate<l 3 10 

Yellow and green shale with large grains of glauconite 3 

Thin-bedded glauconite shales 60 



TERTIARY AND QUATERNARY. 41 

Ft. In. 
Light-gray quartzite, with ocher-colored cement and fucoids and entirely without glauconite. 

This absence of glauconite very conspicuous in contrast with adjacent beds 8 

Red, ferruginous, shaly limestone, carrying crystalline calcite, hematite, yellow fucoid traces, 

and near the base thin green lenses, slightly glauconitic, covered with fucoids 2 10 

Similar to above, but more massive 3 

Thinly laminated, light-brown, dolomitic shale, with some glauconite; weathers red on 

edges 3 

About 40 feet below this the gray shaly dolomitic limestones outcrop in thin contiguous 

laminated flagstones. The surfaces show fucoids, mud cracks, and glauconite, and there 

are interlaminated limestone breccias or "intraformational conglomerates.** 

TERTIARY AND QUATERNARY. 

The Tertiary and Quaternar}'^ formations have an indefinite thickness, occur- 
ring, as they do, only in the form of eroded remnants. Tertiary occurs as white 
clay in the basin where Lead has been built and in the saddles between neighbor- 
ing hills. This clay contains fossil vertebrates, and also fragments of porphyry, 
hence is the product of erosion after the porphyries were intruded. This is further 
proved by the fact that the clays are deposited in a topography eroded far below 
the present porphyry summits. The material here called Quaternary consists of 
rounded stream bowlders and gravel, occurring in masses sometimes 60 to 100 feet 
thick, usually tilling divides between the present streams. These remnants show 
the location of more considerable deposits of the same sort along ancient stream 
channels. The courses of these ancient streams in several cases show a significant 
relation to elbows of capture and valley trends which mark the changes the drainage 
has undergone. 

The thickest masses of Quaternary gravel lie at the head of Boulder Creek, east 
of Deadwood, on the divide southeast of Crook Mountain, at the head of Park 
Creek, on the divides west and southwest of Sheep Mountain, and at the head of 
Whitewood Creek, along the Burlington and Missouri River Railroad. There is 
reason to suppose that these ancient stream gravels may contain placer gold, but 
they have not been worked to any extent, as compared with the gravels of the 
present gulches. 
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ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

PART 11. -MINING GEOLOGY. 



By J. D. Irving and S. F. Emmons. 



INTRODUCTION. 

This paper is intended to embody a description of the economically important 
ore deposits in the Sturgis and Spearfish quadrangles, in the northern Black Hills. 
Inasmuch as this area includes the major portion of the mineralized and productive 
territory, and as those few ore bodies that fall without its limits have been 
described, the title has been expanded to cover the mining region of the northern 
Black Hills. The tin and gold ores of the southern hills are not included. The 
work is chiefly of a descriptive character, and theoretical discussions are either 
excluded or made as brief as possible. Generally the discussion of each class of 
deposit is preceded by a general statement of most of the important facts embodied 
in the more detailed description, so that the essential facts may be readily grasped. 

Acknowledgments. — ^The field work upon which the mining portion of this 
paper is based was carried on during the field season of 1899. The work was done 
by Mr. J. D. Irving under the direction of Mr. S. F. Emmons, who has written the 
report on the Homestake mines. Valuable assistance was rendered by Messrs. 
J. M. Boutwell and P. S. Smith. Conjointly with the investigation of the mines, 
the areal geology was studied by Dr. T. A. Jaggar, under whose personal direction 
the field operations were conducted and to whom the writers are indebted for many 
valuable criticisms and suggestions. 

It is with great pleasure that the writers acknowledge the uniform courtesy 
with which the owners and operators of the mines of the northern Black Hills have 
placed at their disposal information and facilities for investigation indispensable to 
the preparation of the work. Acknowledgments are especially due to Messrs. T. 
J. Grier, of the Homestake Mining Company, Angus R. McKay, C. W. Carpenter, 
and Colonel Franklin for their endeavors to further the work carried on in their 
mines. Many valuable suggestions are also due to the kindness of Dr. F. R. 
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Carpenter. It is impossible to make special acknowledgments to all from whom 
courtesies and assistance were received, but of such as have not been separately 
mentioned too much can not be said in return for the aid which has been so willingly 
rendered. 

Location of the mining region, — The main productive mining region of the 
northern Black Hills' is included within an area of about 100 square miles. It 
extends from the town of Perry, on Elk Creek, northwestward to the town of 
Carbonate, on the east bank of Speartish Canyon, while its widest as well as its 
most productive portion lies between Terry Peak on the southwest and Garden on 
the northeast. Outside of this area is a small and comparatively undeveloped 
district to the west in the vicinity of Nigger Hill. 

Within the main mining region occur many and very diverse types of ore 
deposits, some of which t>ccur mainly in the rocks of the older geological formations. 
These deposits in each case have features characteristic of the geological formation 
in which they occur, so that for purposes of description they may be most logically 
classified under the head of these geological formations. In this way the following 
five main divisions may be distinguished: (a) Ore deposits in Algonkian rocks, (b) 
ore deposits in Cambrian rocks, (c) ore deposits in Carboniferous rocks, (d) ore 
deposits in eruptive rocks, (e) ore deposits in rocks of recent formation. 

The relations of these different groups of ore deposits to the rocks of the several 
formations of the Black Hills are shown in PI. V (p. 214) and fig. 1 (p. 18). 



CHAPTER I. 
ORE DEPOSITS IN ALGONKIAN ROCKS. 

The ore deposits occurring in the metamorphic schists and other rocks of 
Algonkian age constitute the most important as well as most permanent factor 
in the mineral production of the northern Black Hills.^ They may be subdivided 
into gold ores, copper ores, and tin ores. 

GOIiD ORES. 

Of these three divisions the first, or that of the gold ores, has thus far been 
the only one of importance. There are three mines that have yielded ores — the 
Homestake mine, the Clover Leaf mine, and the Columbus mine. PI. VI shows 
the location of the Algonkian lodes and their relation to the stratigraphy. 

HOMESTAKE MINES. 
By S. F. Emmons. 

The Homestake belt of mines extends from the town of Lead and Gold Run 
Gulch northwestward across Bobtail Gulch to Deadwood and Sawpit gulches, 
covering thus an area over a mile in length and about 2,000 feet in width. 

The gold product of this group of mines has always overshadowed that of 
all the other mines of the Black Hills together. For a long time it constituted 
about 90 per cent of the total product of the hills, although it was somewhat 
less in the early days, when placer mines were more productive. Since 1890, 
however, with the increasing development of the siliceous ores of the Cambrian, 
this proportion has gradually decreased to 60 per cent, in spite of the fact that 
the actual product of the belt has steadily increased. * 

DISCOVERY AND DEVELOPMENT, 
DISCOVERY. 

For many years reports had been current among Western pioneers and pros- 
pectors of the occurrence of gold in the Black Hills, reports that became unduly 

o NoDe of the ore deposits of what is known as the southern hills are included in this treatment, as they are entirely 
without the area mapped. This will account for the omission of many of the now quite important gold-producing 
properties that occur south of the town of Perry. 
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magnified for the very reason that they could not be verified because of the 
jealous care exercised by the Sioux Indians in keeping miners and prospectors 
from this the most valued portion of their great reservation, which, by the treaty 
of 1858, comprised all of South Dakota lying west of the Missouri River. These 
reports were, doubtless, mainly founded on the story of Father de Smet, a Jesuit 
missionary of Belgian birth, residing among the Sioux in the first half of the 
nineteenth century. He stated that nuggets of gold that came from the Black 
Hills were shown him, and that he was assured that there was a mountain of 
gold where the nuggets came from. Subsequent investigation proved that the 
Indian mountain of gold was nothing more than a formation of yellow mica; but 
this probably found fewer reporters and believers. 

The military reconnaissance by General Custer in the summer of 1874, which 
actually penetrated the hills, was accompanied by a geologist (Prof. N. H. Winchell) 
and several miners and prospectors, and actually did discover gold in the stream 
beds of the Harney Peak region. After the return of the expedition the miners 
who had accompanied it organized a party supposed to be strong enough to protect 
itself against the Indians and established themselves in a stockade on French Creek. 
Under the treaty of 1858 the Government had bound itself to protect the reserva- 
tion against the encroachment of white men, so this party was brought back to 
Fort Lai-amie by a company of United States cavalry in March, 1875. Steps were 
taken to prevent the inrush of miners which seemed likely to follow, it being gen- 
erally understood, however, that the Government would take the necessary steps to 
secure a recession of the hills by the Indians so that they might be thrown open 
to peaceful and legal occupation. 

As some doubt was felt by persons of high authority whether gold did exist 
there in remunerative quantities, the Secretary of the Interior authorized a geolog- 
ical examination of the hills to determine the true facts regarding the nature and 
value of the mineral deposits. Accordingly, the geologists, W. P. Jenney and Henry 
Newton, with a strong military escort, were sent there in May, 1875. This expedi- 
tion, whose final report for various reasons was not published until 1880, made a 
less thorough examination of the northern part of the hills than of the region farther 
south, where gold was first discovered, because the northern portion was so thickly 
covered with forest growth as to render it almost inaccessible. 

The region of the Homestake mines was not even reached by the party of 
Newton and Jenney in 1875, but some of the men attached to this party remained 
behind to prospect after it was broken up for the winter. The first mention of the 
region in print is found in a letter from T. H. Mallory to W. P. Jenney, dated 
January 31, 1876. ^ Mallory stated that he had found abundant gold in the gravels 



a Newton, Henry, and Jenney, W. P., Report on geoloery and resources of the Black Hills: U. S. 6eog. and Qeol. Surv. 
Terr., 1880. p. 282. 
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of the various streams around Whitewood and Deadwood gulches, and characterizes 
the region as the best place in the hills for a poor miner. 

The Homestake and Old Abe deposits are said to have been discovered in 
April, 1876, by two French boys, Moses and Frederick Manuel. The Highland, 
Golden Star, and other claims now included in what is known as the Homestake 
belt were located later in the same year. During that summer the work was 
mainly that of the prospector. At the surface was found a great extent of iron- 
stained rock (chloritic slates, quartz, and porphyry) which carried gold, sometimes 
as much as $16 per ton, but in general of much lower grade. Although it was 
difficult to make such determination of the form or boundaries of the ore bodies as 
would give an idea of their probable value of permanence, yet public expectation 
had been so excited with regard to the assumed mineral worth of the hills that four 
of these claims found purchasers within the year at prices varying from $30,000 
to $166,000. In 1877 they were examined and reported upon by such well-known 
and experienced mining engineers as William B. Farish, Louis and Henry Janin, 
and Augustus J. Bowie, jr., in the interests of prominent mining operators and 
capitalists, among whom were J. W. Gashwiler, George Hearst, J. B. Haggin, and 
Lloyd Tevis. 

At the time these examinations were made the developments consisted only 
qt open cuts, or shafts not over 60 feet in depth, yet by the following year the 
various claims within the belt had been purchased and four large gold-mining 
companies had been organized and were in active operation. Three — the Home- 
stake, the Father de Smet, and the Highland — had been incorporated in Cali- 
fornia, and one — the Deadwood-Terra Company — in New York. Their properties 
were comprised in a belt about li miles long, extending in a northwesterly 
direction from Gold Run on the south to Deadwood Creek on the north. The 
group of claims constituting the Homestake mine occupies the southern end of 
the belt and is succeeded on the north by the Highland, Golden Terra, Deadwood, 
and Father de Smet mines, in the order named. Not long after the mines were 
opened it was found advisable to work them under a single management, and as 
time went on the Homestake Company came either into control or into actual 
possession of the other properties in a manner and to an extent not generally 
known to the public. The result has been that the name '* Homestake" has been 
applied to the whole belt and the other properties are often spoken of as if they 
were simply parts financially, as they are geologically, of one great property. 
This practice will be followed here, except so far as it has been possible from 
accessible published reports to segregate the bullion output of the different 
companies. 

The history of the Homestake properties, could it be given in full from 1878 
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until the present day, would be a most instructive one. It would describe the 
development of very low-grade bodies of ore in the face of great natural obstacles,' 
and with a margin of profit necessarily so small that a very slight error might turn 
it into a loss; yet the company has been so uniformly successful that at no time has 
it been found necessary to suspend the regular monthly dividends to stockholders. 
As it has been the policy of the company not to make public anything more than the 
general financial results of its business, the published data with regard to it are so 
incomplete that it is onlj^ possible here to give a general sketch of its history, which 
may not be strictly correct in all its details. 

In a large degree the uniform success of the properties has doubtless been due 
to the fact that those who furnished the capital for their development were men of 
practical experience in the management of large mining enterprises. Both in pur- 
chasing and developing their property they took the best scientific advice, and were 
willing to spend money freely in accordance with this advice. Furthermore, after 
having convinced themselves that their manager at the mines was a man of ability 
and integrity, they gave him free hand and did not hamper him in his work. To 
the two men who have had the entire management of its affairs since their inception, 
Samuel McMaster up to 1885 and T. J. Grier since that time, is due a great part of 
the credit for the remarkable success of this mine. 

REDUCTION OF ORES. 

It was evident that for a profitable working of such very low-grade ore as was 
found here it was necessary to handle very large quantities and at very low cost. 
It was possible to mine at very low cost, for the ore bodies, lying on rather steep 
hill slopes, could be worked in open cuts or actually quarried. The ore, moreover, 
was free milling and of a nature to be very readily crushed, hence the proper way 
was to increase the mill capacity as fast as was consistent with successful working 
and a. judicious expenditure of capital. Timber was abundant in the hills, though it 
had been cleared away or burned off from the immediate vicinity of the mine. Other 
supplies had to be hauled from the Union Pacific Railroad, or from the Missouri 
River, a distance of 200 to 400 miles. 

In the summer of 1878 two stamp mills, one of 80 stamps at the Homestake mine, 
and one of 100 stamps at the Father de Smet, were put in operation. In 1879 the 
Homestake Company had a second mill of 120 stamps running, and mills of 80 
stamps each were built at the Dead wood and Caledonia nnnes. In 1880 the Highland 
mill of 120 stamps and the Terra mill of 80 stamps were added, making at the close 
of that year a total of 740 stamps employed in crushing the ore from this belt, with 
an actual capacit}" of 2 to 3 tons each per twenty-four hours. 

According to the first report of the Homestake Company, which gives an account 
of the operations for twenty months up to September, 1880, the average yield of the 
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ore had been $9.69 per ton up to June, 1879, but when all the ore between the walls 
was taken without sorting, thus decreasing* the cost of mining, this yield was reduced 
by $3 to $5 per ton. It increased again later, when higher grade ore was found in 
the 100-foot level, to $7.65;^ meanwhile, the cost of milling had l)een brought down 
to 90 cents per ton in the 80-stamp mill, and 71 cents in the 120-stamp mill. To 
bring about such low costs it was quantity rather than quality of work that had 
been aimed at; blankets and concentration machinery were not employed, because on 
the concentration of the small amount of pyritc contained in the ore it was found 
that the pyrite assayed only $8 per ton, hence was not richer than the ore. Moreover, 
by an assay of the tailings, it was found that the mills were extracting 75 to 80 per 
cent of the gold in the ore, which was a satisfactory yield under the circumstances. 

In an ore of this character it is impossible to distinguish by the eye alone that 
which will pay to mill from that which will not, and the practice has been adopted of 
panning each day a 2-pound sample of ore from every fresh face in the mine. Power 
is used to manipulate the pestle, which reduces the fragments of ore to a sand fine 
enough to be easily panned, and the man who does the panning has by long expe- 
rience acquired such skill that he can pan 60 samples per day and estimate their 
value by the eye within 25 to 50 cents. These estimates are checked from time to 
time by fire assays of the rich sands left in the pan. Although this method of valua- 
tion appears very crude, it has the sanction of twenty years' practical experience, 
during which it has evidently given satisfaction to those employing it. 

The mill capacity of the Homestake Company, which had an aggregate of 200 
stamps in 1879, was increased as time went on by the enlargement of existing mills 
and the acquiring of new ones, until, as the report of 1898 shows, there were, on 
May 1 of that year, 540 stamps dropping on Homestake ores alone. The Father de 
Smet and Caledonia mills, with an aggregate of 160 stamps, had long since ceased 
working, as no more ore was being produced from those mines and they were not 
readily accessible from Lead, which the southward pitch of the ore rendered the 
most central point in which to concentrate the work of the mines. 

As greater depths were attained in the mines the amount of unaltered pyrite 
in the ore increased somewhat, though not as much as in most mines, and although 
the management still claims that these sulphides contain no more gold than the 
average of the ore, it is evident that it was not considered good policy to neglect 
this part of the product, whose gold was not extracted bj^ amalgamation. The 
concentrates from the mills were sold for a time to the pyritic smelter at Deadwood, 
and to the chlorination works at Pluma, while a small cyanide plant had been erected 
by the company for experimental work. It is significant that, as is shown by the 
report of 1900, another large cyanide plant of 1,200 tons daily capacity was building 
by the company and expected soon to be in running order. 

a Further details as to yield of ore will be found In tables given on page 63. 
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The number of tons milled has increased annualh' from less than 200,000 in the 
early years to nearly 900,000 in 1900, but the costs chargeable to milling, as well as 
can be determined from the financial statements in the reports, still amount to about 
80 cents per ton in round numbers.^ 

MINING DEVELOPMENT. 

The erosion of Deadwood, Bobtail, and Gold Run gulches had made cuts 250 
to 400 feet below the base of the Cambrian beds, or the highest points of the 
ore remaining on the intermediate ridges, and as the slopes of these ridges were 
quite steep the first mining was done by open cuts or quarries; then tunnels were 
run on a level as near the bottom of the gulch as was practicable and the ore 
dropped through chutes into cars in the tunnels. On either face of the porphyry- 
capped ridge l^etween Deadwood and Ik)btail gulches, which cut across the mineral 
bed nearly normal to its strike, the quarries exposed rock faces about 200 feet 
in height, which afford admirable opportunities for studying the structure of a 
mineralized rock. Between the Highland shaft and the Star shaft of the Home- 
stake mine, where the ravine runs approximately with the strike of the ore belt, is 
the greatest open cut in the region. This cut is about 800 feet long and 200 to 300 
feet deep, its bottom being 100 feet below the collar of the Star shaft. On its sides, 
also, there are good rock sections which show the porphyry bodies coming up 
through the slates and spreading out in horizontal sheets between the Cambrian beds. 
As an instance of the scale on which these quarries were mined in the early days, the 
record shows that in 1882 a mass of mineralized rock 100 feet long by 70 feet wide 
and 100 feet deep — say about 5,000 tons — was broken down by a single shot. There 
was necessarily a limit in depth to which this method of mining could be carried, 
and vertical shafts have subsequently been sunk at various points within the belt, 
from which levels, at vertical intervals of about 100 feet, run out under the quarries. 

As will be shown later, the ore bodies pitch rather rapidly to the south; hence 
the northernmost mine, the Father de Srnet^ was the first to reach the bottom of 
the pay shoot, and this mine ceased producing in 1886. On the other hand, the 
Homestake properties at the southern end of the belt have not yet reached the 
bottom of the shoot, the Golden Star, or central shaft, being now 1,100 feet deep. 
A new shaft, the Ellison, is being sunk about 1,000 feet south of the Star shaft on 
the south side of Gold Run, and is intended to be used for working the lower 
portion of the ore belt on its southern extension beyond where any ore shows at the 
immediate surface. In working the great bodies of ore it is often necessary to 
leave chambers several hundred feet in length and width, and the Comstock system 
of square setjs of timbers, or else huge timber cribs filled with waste rock, are used 

a These figures are obtained by dividing the groes amount of expense assumed to be chargeable to milling by the 
number of tons milled. Doubtless the costs might be figured considerably less if they were strictly confined to the 
actual running cost of each mill. 
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to support the roof and walls. In the Homestake mine the waste rock is taken 
from the bottom of the great open cut and sent down to the stopes through a shaft 
or rock chute. It is evident that mining costs must increase with depth attained. 
On the other hand, the increased cost has been offset in a measure by improved 
transportation facilities, which have lowered the cost of supplies of all kinds. The 
amount of water in the mines is not excessive, except in the spring, when the 
melting of the snow sends a considerable amount down through the open cuts. 
It is not, however, a disadvantage to the mines, since it can be used in the mills, 
for one of the principal costs in milling operations is that of obtaining a sufficient 
supply of water. 

The actual cost of mining per ton of ore milled is not known to the writer, but the 
aggregate cost, as taken from figures given in th^ Homestake reports, and counting 
in all mining work, exploratory as well as the direct cost of extraction, would 
appear in late years to have been a little over $2 per ton, whereas in the report of 
September, 1880, it was given as $1.33, or, calculated on the above basis, $1.70. 

MEANS OF COMMUNICATION. 

As has already been stated, when the mines were first opened the nearest rail 
or water communication was by the Missouri River, about 200 miles distant, or the 
Union Pacific Railroad, about 400 miles distant. As wood was used for fuel as well 
as for mine timbering, a large amount was necessarily consumed, and the company 
soon began the construction of a narrow-gage railway, which at first only ran from 
the mine openings to the mills, but was later extended through the timber belt in 
the direction of Rapid; 25 miles of this road was completed by 1882. By 1886 the 
Fremont, Elkhorn and Missouri Valley Railroad, now a part of the Chicago and 
Northwestern system, was within 50 miles of Rapid, and in 1887 had reached 
Whitewood. About this time, however, the tenor of the Homestake ores was falling 
off, and they were carrying 7 to 10 per cent of sulphurets, which did not amalgamate, 
and hence yielded nothing. This probably accounts for the slow progress of the 
various roads in the immediately subsequent years. By 1890, however, prospects 
were better in the mines; the Chicago and Northwestern Railway had reached 
Deadwood, and the Burlington and Missouri River Railroad, coming up from the 
south, had reached Hill Cit\' on its way to the same point; a narrow-gage railway 
connecting Deadwood with Lead had been built, and the Homestake Railroad had 
been extended to Piedmont, on the line of the Chicago and Northwestern Railway; a 
pyritic smelter had been built at Deadwood, and a large chlorination plant at Pluma. 

Since 1891 there have been two rival trunk lines, the Northwestern and the 
Burlington, competing for the mining business of the Black Hills, and spurs have 
been built to every mine of importance, so that in the last decade transportation 
charges have probably been much lower than ever before. 
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Water has always been a considerable item of expense with the Homestake 
Company because of the large amount required for their stamp mills. It early 
acquired all the sources of water supply in the neighborhood; then a water company 
was organized, which constructed pipe lines and ditches to the heads of the nearest 
streamy, and finally to the head of Spearfish River. This company, together with 
the Homestake Railroad, which was also organized as a separate company, has 
recently by consolidation been merged into the Homestake Company. 

PRODUCTION. 

The following table, made up from data contained in the financial reports of the 
Homestake Company, gives its production from January, 1878, to June, 1900, 
together with the amount of dividends distributed to stockholders. The record 
speaks of only one assessment, of $200,000, which was apparently the total outlay of 
cash for developing the mine and putting it on a paying basis. In the twenty 
months' period from January, 1878, to September, 1880, $600, (X)0 had been paid in 
dividends, and $1,406,675 for plant and working expenses, leaving a balance of 
$107.48 in cash on hand. Cost of plant is charged as $503,475. 

Production of the Homestake Mining Company. 



Year ending. 



June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June r, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 



1S81& 
1882. . 
1883.. 
1884.. 
1885.. 
1886.. 
1887.. 
1888.. 
1889.. 
1890.. 
1891.. 
1892.. 
1893.. 
1894.. 
1895.. 
1896.. 
1897.. 
1898.. 
1899.. 
1900.. 



Total 



Ore milled. 



Ton9. 
411, 358 
180,514 
179,074 
191,505 
213, 190 
219, 165 
219,290 
243,355 
285, 774 
267, 557 
319, 130 
321, 495 
294,530 
309, 210 
330,020 
245,220 
395, 530 
548, 390 
620,479 
891,585 



Bullion. 



Ounces. 

167, 861 

72,920 

70,341 

67, 776 

72,347 

76, 592 

56,173 

52, 737 

56,846 

58, 356 

65,987 

72, a30 

66,905 

82,665 

90,991 

69, 322 

110, 851 

149, 283 

172, 543 

227,695 



Gold. 



Silver. 



Total value of , 
groRS prod- 
uct, a I 



Dividendd. 



$2, 801, 026 
1,222,400 I 
1,183,689 ' 
1,142,599 ! 
1,224,484 ' 
1,294,960 j 
a50,343 
895, 822 
961,907 
980, 243 
1, 110, 361 
1,217,958 
1,118,602 
1,371,568 
1, 508, 049 
1, 156, 785 
1,840,674 
2, 467, 997 
2, 667, 281 
3, 557, :^7 



$29,436 

13,366 

12,545 

11,898 

12, 468 

12,029 

8,189 

7,585 

8,117 

8,597 

11,115 

11,10() 

9,347 

9, 341 

9, 397 

8,099 

13,112 

15, 377 

18, 559 

26, 338 



I $2,831,890 

: 1,237,161 

1, 196, 394 

1,154,681 

1,236,967 

1,306,989 

I 958, 532 

I 903, 407 

I 970, 744 

I 988, 840 

, 1,121,476 

j 1,230,546 

I 1,127,949 

I 1,398,850 

; 1,540,138 

1,177,616 

1,899,725 

I 2,518,026 

2, 725, 196 

; 3, 658, 956 



$990,000 
422,500 
600,000 
400,000 
343,750 
612, 500 
450,000 
300,000 
275,000 
150,000 
150, 000 
150,000 
150,000 
181,250 
318, 750 
375,000 
375, 000 
500,000 
750,000 
1,175,000 



5,685,771 I 



1 , 870, 719 ' 30, 674, 132 I 256, 019 31, 190, 083 8, 668, 750 



aThe figures ia the colu«in "gross product" are slightly In excess of the sum of those in the "gold" and "silver" 
columns, because they IncW^e the premium of exchange, and In the last six years also the amount received from sale of 
concentrates. 

ft From January, 18*. to June 1, 1881. 
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The following table gives the avemge yield of ore per ton milled at different 
annual periods during this time. There are no data from which to determine 
accui*ately what the actual content of the ore was, or what the loss has been. 
The method followed of assaying the tailings from time to time is not entirely 
accurate, for it does not take into account what loss there may have been of 
float gold, which, as its name indicates, would have floated off with the water 
and not settled with the tailings, and hence in such an ore might have been 
considerable. The table also gives for the same period the relative portions of 
gold and silver in the bullion produced, both by weight and by value. 

Avenuje yield of (tre and relative proportions of gold and silver. 



Period. 



Up to September, 1880 

June, 1881, to June, 1882 

June, 1882, to June, 1883 

June, 1897, to June,^898 

June, 1898, to June, 1899 

June, 1899, to June, 1900 

Total product to June, 1900 



Average 

yield of ore 

treated. 



Per ton. 
16.90 
6.85 
6.60 
4.60 
4.40 
4.10 
5.485 



Fineness of 
bullion, 



; Ratio of gold to silver in bullion. 



815.1 
808.6 
808.0 
793.0 
758.0 
770.0 



By weight. 

4. 90 to 1 
4. 64 to 1 
4. 60 to 1 
4. 29 to 1 
3. 98 to 1 
3. 88 to 1 



By value. 



96.4 tol 

94.3 tol 

91.4 tol 
160.0 tol 
143.0 tol 
135.0 tol 
119. 81 tol 



It is claimed by the management that there is no appreciable falling off in 
the tenor of the ore with depth, yet the above figures seem to show a remarkably 
uniform decrease in its average yield. It must be admitted, however, that these 
figures are not necessarily conclusive. During the first three periods the ore 
would naturally have been somewhat richer than that found at greater depths, 
because it would have been enriched by the oxidizing action of surface waters. 
For the last three annual periods it is necessary to remember that the number 
of tons treated has been increasing very rapidly, and it is very possible that the 
average yield has been lowered by the milling every 3'ear of a larger amount of 
low-grade rock. It is quite possible, moreover, that when the company treats its 
own concentrates there may be a saving that may sensibly increase the average 
yield of its ore. As yet it can not be said that there is any conclusive evidence 
of a decrease in value with depth in the sulphide or unaltered zone. 

The other columns in the table were armnged for the purpose of determining 
whether there was any uniform change with depth in the proportions of gold 
and silver in the bullion. For this purpose the figures in the last column are of 
no value, since they are based on the commercial value of an ou^ce of silver, which 
has been too variable to make it worth while to reduce it back to a common unit. 
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The others are deduced from proportions of gold and silver which are tabulated 
in the reports for each bar of bullion. In this case the average during one or more 
selected months has been given to represent the character of the bullion during 
the year. The bullion is remarkably free from impurities other than silver, the 
average of such impurities being less than 2 per cent, the ore yielding about 80 
per cent gold and 18 per cent silver. 

In considering the earlier and later groups of years the decidedly larger ratio 
of gold in the upper over the lower levels would lie accounted for by the superior 
solubility of the silver, in consequence of which a larger proportion would have 
leached out, but in the last three years in the lower levels there appears to be a 
slight, though not absolutely certain, tendency for the proportion of silver to still 
continue to incr-ease. It will }ye of interest to observe in the future whether this 
tendency still continues with greater depth. 

The next table gives the total 3^ield of all the mines of the belt up to June, 1900, 
from figures kindly furnished by the oflScers of the Homestake Company. The 
dividends paid in the same year are also given, as far as it has been found possible 
to ascertain them; but it is evident that they are not complete, especially in the 
case of the Highland mine. 

The product of the Columbus mine should he added to the total, as it forms 
part of the belt. Its amount is, however, not known. The United States Mint 
returns for 1891, 1892, and 1893, give an aggregate of $88,618.41 for this mine; 
for other years its product was not segregated. 



Total product ofth^ Homestake belt up to June^ 1900 ^ urith reJation ofjrroduct to dmdends. 



Name of company. 



Product to June 
1,1900. 



Homestake $31,190,143 

Deadwood-Terra (cease<i in 1898) ! 11,073,065 

Highland ' 12,018,610 

Father deSmet (ceased in 1886) , 3,259,38:^ 

Caledonia (ceased in 1893) 2,345,621 

Total 59,856,822 



Dividends in 
Hame p»eriod. 



$8, 668, 750 
1,500,000 



1,110,000 
194,000 



11,472,750 



Per cent of 
product. 



27.7 
13.5 



34.1 
8.3 



The dividends of the Homestake and Father de Smet mines arc probably cor- 
rect. It will be noticed that the percentage of dividend to product is greater in the 
case of the latter than in the former. This is due, probably, to the fact that the De 
Smet mine worked only on ih^ richer ores near the surface, which have been more 
easily milled than those of the Homestake. No attempt has been made to calculate 
the percentage of dividends to product for the whole belt, inasmuch as it is evident 
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that the Highland mine njiust have paid .some dividends and probably of similar ratio 
U) the Homestake, but it is not known what thev were. 

It may be instructive to compare the results obtained in working this mine with 
those of some mine of an opposite type, whose ore instead of being exceptionally 
low grade is unusually rich. For this pui'pose the Portland mine, of Cripple Creek 
district, Coloi-ado, has been chosen, since it publishes very full reports and has 
.been under one managment from the start. The figures given below are taken 
from the eighth annual report, which gives data up to December 3)1, 1901. 

Comparative ^rield and dividenda iff Jfometttakr and Pnrtiand mines. 



Ilometitake mine. Portland mine. 



Length of period considered 22 years 5 months. . 7 years 9 months. 

Gross yield of ore in respective i)eriodH $:^1, 190, 143 $13, 138, 525. 

Dividends paid in re8i)ective j)eriods $K, ()68, 750 $4, 027, 080. 

Range in value of ore per ton $2 to $16 $5to$400and upward. 

Average yield per ton of ore treated during perirxis $5. 48 $46. 

5et yield of ore during last year of re8pe<*tive i)eri(KlH $4. 10 $23. 

Dividends to gross product 27.7 per cent 30 per cent. 



These figures are of interest to those who propose to invest in mines, but of 
less value to the student of ore deposits in general, since they do not give the 
actual contents of the ore in each case, but only the amount which has been extracted. 
On the other hand, they do give the actual commercial results of two important 
and well-managed mines. The figures given for the mnge in value of the respective 
ores are somewhat arbitrary, but they are such as might be given by a conscien- 
tious promoter. Probably still higher values might fairly have been given for 
the Portland ores, and to the average investor these high values would present 
incompambly greater attractions than those furnished by the Homestake figures, 
which are possibly put rather high. 

The actual results of many years- mining work are of comparable proportions, 
$4t> per ton average yield for the Portland ores against not (juite 1^5.50 for the 
Homestake ores, or nearly nine times as much, while the percentage* of dividends 
to gross yield, which corresponds as nearly as possible to the percentage of profit 
in an ordinary business, is only 30 per cent as against 27 j^ per cent, or less than 
10 per cent more, for the richer ore. * 

It may be said that the Homestake is a free-milling ore, while the Portland ore, 
l)eing a telluride, is not, and hence costs more to treat. On the other hand, the 
Portland mine has been running only about one-third as many years as the Home- 
stake, and on comparing the average yield for the last year with the average yield 
4987— No. 26—04 5 
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since the inception of work, it is seen that in the Portland mine the yield has 

fallen off 50 per cent from the average and in the Homestake only about 25 

per cent. 

This is merely a practical demonstration by actual figures of what is well 

known by all experienced mining men — that as a purely business proposition a 

very large body of low-grade ore is preferable to a moderate-sized body of very 

rich ore. 

GEOLOGICAL DESCRIPTION. 

SURFACE GEOLOGY. 

The town of Le^d, which has a population of about 4,50i), made up mainly 
of persons directly or indirectly dependent on the Homestake mine, occupies a 
basin-like valley at the head of the narrow ravine of Gold Run, down which runs 
the narrow-gage railroad that connects the town with the trunk line in White- 
wood Valley, about 350 feet below. The rather flat-top ridges that overlook the 
town on the north and south are occupied by remnants of the horizontal Cambrian 
strata and their included sheets or sills of porphyry that have escaped erosion, 
while on the divide c^irectly southeast of the town is found a body of Tertiary 
clays and marls containing vertebrate remains that identify it as belonging to 
the White River formation. Below these capping rocks, whose maximum thick- 
ness in this vicinity is about 200 feet, the valleys are entirely carved out of the 
Algonkian slates. 

The main street of the town of Lead follows the general direction of Gold 
Run westwaixi up the ravine, while subordinate streets cross it nearly at right 
angles. The lower or easternmost of these cross streets is approximately in the 
direction and position of the original outcrop of the Homestake lode. East of 
it, extending across the head of Gold Run Ravine, are the main offices, mills, 
and hoisting w^orks of the Homestake Company. The mine openings extend up a 
northwest branch of the gulch, in the upper part of which, above the Star shaft, is 
the great open cut of the Homestake mine, while another smaller open cut lies 
farther eastward, back of the Homestake mill and between the Star and Old 
Abe shafts. 

The eastern and northern walls of the Homestake open cut present a cliff 
section, 200 to 300 feet in height, of the mineralized slates which form the 
Homestake ore. In this section are seen many veins and lenses of quartz ^nd 
intrusive dikes and stocks of white porphyry. These stand out in strong con- 
trast to the dark iron-stained slates, but their outlines are much obscured by 
the talus slopes of broken rock which is being drawn off from the bottom of 
the cut and aent down through chutes to the mine below to fill the cribs that 
support the walls of the great ore chambers. 
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At the northern head of the cut the apex of the ore zone is well exposed 
where it passes under the Cambrian beds. The basal conglomerate of the Cam- 
brian is here wanting, and sandy shales with some brecciated material rest directly 
on the Algonkian surface. The porphyry here occurs in several parallel sheets 
a short distance above the base of the Cambrian, and -by following them eastward 
along the railroad track one can distinguish points where a sheet bends down to 
connect with a dike coming up through the Algonkian slates. Remains of a still 
larger sheet cap the ridge, forming small hills. 

Still farther north are other open cuts, one on either side of Bobtail Gulch 
above the old mining hamlet of Terraville — the Deadwood-Terra cuts — and one 
on the south wall of Deadwood Gulch above Central — the De Smet cut. These 
are on the main Homestake zone, and farther ea^t, south of Terraville, there is 
another cut on the Caledonia ore body. 

While these cuts are not so deep as the Homestake cut, not going below 
the beds of the respective gulches in which they are situated, they present an 
even better opportunity for studying the structure of the ore-bearing slates, the 
eontact of the overlying Cambrian beds with the Algonkian surface, and the 
intrusive bodies of white porphyry within these beds. On the west side of the 
cuts what is called the west wall of the ore Ixxiy, the only one that is fairly 
well defined, is generally easy to distinguish. It dips eastward at approx- 
imately the same angle as the lamination of the slates, and on it the lines of 
pitch, which incline southward at an angle of about 23°, normal to prominent series 
of joint planes, are readily distinguished, as shown in the view of the Terra cut 
on PI. II (p. 214). In this view also the base of the porphyry body is seen to cut 
across the Cambrian beds at a low angle, leaving a wedge-shftped mass between it 
and the Algonkian surface. 

The northernmost extension of the outcrop of the Homestake lode is in Sawpit 
Gulch, northwest of the De Smet open cut, where are the workings of the Columbus 
mine. Beyond this the Homestake lode disappears under the capping of Cambrian 
beds in the hills to the north, but a vertical in these beds, apparently on the 
same line of fracture, has given rise to a deposit of siliceous ore in the latter beds. 

The Cohunbus mine has been abandoned for some years, and its underground 
workings werie not accessible. They are said to extend from the bed of Sawpit 
Gulch to Deadwood Gulch, and are opened by a 200-foot shaft in the former 
gulch. There are trench-like open cuts on either side of Sawpit Gulch which 
show rocks similar to those of the De Smet cut with abundant quartz lenses, and 
the mineralized ore body appears to be about 40 feet wide. 

South of Lead there does not appear to have been much evidence of ojre on 
the surface along the line of the Homestake ore zone. Nevertheless, as it was 
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generally underntocKl that this ore body was pitching to the southeast, a tunnel 

was run in from the level of Whitewood Gulch at the base of the steep face of 

,the ridge that divides it from Lead Valley. It was intended to intersect the 

southern extension of the Homestake body and runs diagonally across the slates 

• and in a direction more to. the west of north than the trend of the latter. It is 

. 2,5(K) feet long and said to connect with the 300-foot level of the Homestake 

; workings, being now the property of that comimny. It was not accessible at 

time of visit, and it is not known whether it found payable ore or not. 

The best surface exposures of the slates and intrusive poi^phyry dikes are 
seen between the Star sh^ft and the Caledonia open cut. A cross section on this 
general line was very carefully measured by the geologists engaged in mapping 
the areal geology of the region, and the result is given in fig. 4 (p. 27). The section 
shows ten different dikes or stocks of porphyry crossed. 

ORE MINERALS. 

The ores of the Homestake zone are rather ill-defined masses of rock sufficiently 
impregnated with gold to pay for working, but otherwise hardly to be distin- 
guished from the country rocks in which they occur. They are singularly Imrren 
of the usual ore minerals. The gold occurs in so finely divided a state as rarely 
to be visible, even with a magnifying glass. Where observed, it was found in 
,the leaf form and without evidence of crystalline structure. Besides gold, the 
.only other metallic minerals are pyrite and arsenopyrite — the former by far the 
more abundant — which are irregularly disseminated through the ore, generally in 
very small crystals. While their presence is an a priori indiaition of values, 
.they can hardly l>e considered as essential constituents of the ore, for thej' are 
often wanting in the relatively rich portions. 

OAN(}UE MINERALS. 

The nonmetallic or gangue mineral — quartz — is the most abundant. It occurs 
in veins or lens-shaped masses often of considerable size and of several different 
periods of formation; also in grains or crystals mostly of small size. In the 
crystalline form it is generally disseminated throughout the ore, and may be an 
original constituent of the quartzite or a later impregnation of secondary origin. 

Calcite and dolomite are also common gangue minerals, generally of secondary 
origin, but are not universalh' present. 

Tremolite and garnet are also of frequent occurrence in mofet portions of the 
ore body that are probably of original igneous origin, but can not be considered 
,an essential part of the ore. Where the relative age could be determined gold 
is found to be of later formation than the gangue minerals. 
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INCLOSING UCK^KS. 

The Algonkian slates, in which the Homestake ore l)odies cxrur, are schistose 
rocks, for the most part of sedinieiitar\' origin, one variety alone being recognized 
as a metamorphosed igneous rock. The latter may be classed as an amphibolite, 
amphibole being the most prominent constituent. 

The amphibolites occur as dikes or irregular masses in the other Algonkian 
rocks. They are generalh^ of greenish color, of massive and rather dense texturfe, 
with poorly developed schistosit\\ I'he}' are made up in general of actinolite, 
plagioclase, secondary quartz, and orthoclase in subordinate amount, with zoisite, 
ilmenite, titanite, leucoxene, and calcite as accessory minerals. The original rocks 
were probably basic, with pyroxene and ferromagnesian minerals as original con- 
stituents. Kernels of augite show the hornblende to be of uralitic character. 

The metanjorphosed sediments are quartzites, quartz-schists, mica-schists, phil- 
lites, and graphitic, garnetiferous, and chloritic slates, with intermediate varieties. 
A common variety of the barren slates, known among the miners as wood-yard* 
slate from its resemblance in fmctuie to split firewood, is very schistose and shows 
wavy crenelations traversing the surfaces of schistosity. These slates consist of 
quartz and mica, densely aggregated, with finely divided graphite in considerable 
abimdance in the denser varieties. In the vicinity of the ore bodies pyrite occurs 
as thin films on the planes of schistosity, or with quartz as the nucleus of small 
knot (augen)-like masses. 

More recent eruptives of rather acid type cut through all these rocks, as well as 
indiscriminately through the ore bcnlies, in irregular masses, often having a dike- 
like form. These eruptives are of two varieties, which have been designated (1) 
rhyolite, (2) trachytoid phonolite. ' • 

The rhyolite-porphyry, which is by far the more common rock, is a fine-grained, 
granular aggregate of quartz and orthoclase with rare phenocrysts mostly altered to 
kaolin. The rock is very like the Lea<lville white porphyry in habit and composition. 
Small crystals of pyrite occur very abundantly, even in the freshest specimens. It 
cutii through the Algonkian and spreads in sheets or sills between the nearly hori- 
zontal strata of the overlying Cambrian series. 

The trach\'toid phonolite is a brownish-drab porph^^ritic rock composed of 
phenocrysts of salmon-colored sanidine in aphanitic groundmass. Small crystals of 
cegirine-augite can also be identified in the hand specimen. The microscope shows 
that the groundmass is made up of small rods of orthoclase, and that the rock con- 
tains a few crystals and irregular masses of identifiable nepheline, not enough, how- 
ever, to bring it among the normal phonolites. This rock thus far has only been 
seen at the 800-foot level of the Homestake mine, though it is elsewhere known 
as a not uncommon rock in various parts of the northern Black Hills.** 

o More detailed petrographic descriptions of tx)th rocks and ore minerals will be found on page 80- 
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The prevailing strike of the lamination planes of the slates is N. 10- to 45^ W., 
with a dip of about 75^ NH, but there are many local variations in both strike and 
dip, the former in places veering to the northeast. While the ore Ixxiies are gen- 
erally assumed to conform to the lamination or bedding of the slates, this is probably 
not strictly the case, though it was not possible to definitely prove or disprove this 
assumption, as both the ore l)odies and the slates are rather irregular and obscured 
by later movements. 

Where the poi*phyry bodies are of the dike form they show a tendency to con- 
form to the dip and strike of the slates, but the larger l)odies are ver\' irregular in 
form, though an eastern dip is almost always discernible. They show a decided 
tendency also, like the ore bodies, to pitch to the southeast. This pitch is a struc- 
tural feature that has been observed in the crystalline schists of the Appalachians 
and bears the same relation to the dip of the lamination planes that the pitch of 
the axis of an anticlinal or synclinal fold does to the dip of the sedimentary strata 
involved in the fold. 

In the Homestake lode the pitch is best seen in strongly marked structural 
planes on the generally rather well-defined foot wall of the various open cuts. Its 
angle is 23^^ SE., which is also the general pitch of the ore bodies. (See PI. II, 
p. 214.) There also appears to be a tendency on the part of the porphyry to con- 
form in a general way with this pitch, but it is less susceptible of direct proof than 
in the case of the ore Iwdies themselves. The general deduction made by the writer 
from the above facts in their bearing upon the original mineralization of the region 
is as follows: 

The original complex of Algonkian sediments, with its included sheets of 
igneous rock, was slowly compressed into anticlinal and synclinal folds, having a 
gc^neral northwest strike and southeast pitching axes. As the compression went 
on, probably with increasing intensity, these folds were squeezed into isoclines, 
and finally difl^erential movement set in along planes of lamination. This move- 
fn(»nt was most marked along the general axis of the present ore l)ody, and resulted 
in c^)nHidorablc^ displac^ement and some fracture. It had both a vertical and a lateral 
comporu>nt, which caused a displacement vertically along the steeper sides of the 
fold and lat(^rally along the axes. Irregular branching channels were thus opened, 
whi<*h had at the same time a steep dip to the east along the planes of lamination 
and a pitch to the southeast, l>oth dip and pitch following in a general way lines 
of h^ast n»HiMtance that resulted from an original tendency of the beds to slip on 
their dividing planes. 

At present it is difiicult to determine to what extent the porphyry intrusions 
(H>nformed with the pitch, but it is ver}^ evident that in a general way they came 
up along the lamination planes, which dipped to the east. ^Mien the intrusions 
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reached the overlying Cambrian beds they spread out in a general westerly 
direction, following the softer and more readily yielding members of that series. 

The only movement planes that can be with certainty assigned to the post- 
porphyry period are breccia planes carrying fragments of porph3^r\' and slate, 
that follow or are parallel to the contact of porphyr}^ and slate. 

FORM AND MANNER OF OCCrRRENCE OF ORE BODIES. 

The descriptions of the ore bodies which follow are necessarily imperfect for 
the following reasons: At the time of visit the greater portion of the upper 
mine workings on these ore lx)dies had long since been abandoned and were no 
longer accessible, and few persons could be found who were familiar with them 
at the time the\^ were in operation. Tl>e examination of deeper workings, moreover, 
had not been completed when, in the autumn of 1899, the management withdrew 
the permission to study them which had previously been accorded to members of 
the Survey. Since 1899 there may have been developments in the deeper mine 
workings, which, if known to the writer, might have modified his conclusions. 

SI'RFACE WORKINGS. 

The main Homestake body, as defined b^^ the open cuts of the Father de 
Smet, Deadwood-Term, Highland, and Homestake claims, has a trend of about 
N. 30^ W. A second ore body, as rather imperfectly defined by the Old Abe and 
Caledonia open cuts, has a direction nearly north and south (N. 10^ W.) artd con- 
verges with the main ore body under the eastern portion of the town of Lead. 
The ore lx)dies on both these lines have a general dip to the east, as defined by 
their respective foot walls. 

In the De Smet open cut both walls of the ore body are fairly well defined, 
the hanging or east wall standing nearly vertical, and the foot or west wall 
dipping 55*^ to 60° E. In the mass of slates that constitute what is left of the 
ore body on the south face of the cut, the original bedding can be traced b}- the 
change in color and material of the respective beds, and is seen to conform in* 
general to the lamination or schistosity. In places, however, sharp, closely 
appressed folds, which are cut through by the lamination planes, can be detected 
in the original bedding. The folds are mostly isoclinal, sometimes, however, 
assuming a fan shape. Three distinct phases of quartz veins or lenses may be 
distinguished: (1) Material which apparently formed thin, siliceous layers in the 
original sedimentary material, and which has passed through the quartzite stage 
into a quartz that in the hand specimen can liardly be distinguished from vein quartz 
(see fig. 6). (2) Small seams of vein quartz which are parallel to the lamination 
and for the most part parallel to the bedding also, but which in the folds cut across 
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it, as shown in PI. Ill, a photograph of the crest of one of the small folds crossed 
hy a quartz vein of this class. (8) Quartz veins or lenses are soinetinies observed 
which cut a<!ross both lamination and l)edding; these are generally larger, very 
irregular in shape, and appear to have F>een atfe<»ted by differential movement 
within the inclosing rock mass. 

No porphyry bodies are visible in the slates exposed within the ojx^n cut, but 
a considei'able thickness of porphyry remains on the crest of the ridge above as 
a sheet intruded in the capping Cambrian beds. A 12-f<K>t dike of porphyry, 
which strikes northeast and dips &)^ to J()^ XW., is cut in the tunnel which runs 
in from below the ojx»n cut near the lx)ttom of DeadwcHxi (lulch, and, following in 
general the strike of the ore body, connects with the 800-foot level of the Home- 
stake workings. This is the only porphyry 
l)ody observed underground in the northern 
piirt of the Homestak(» workings, and may 
have i>een one of the feeders of the sheet or 
sill in the Cambrian beds on the ridge above. 
The porphyry sill is not strictly parallel with 
the l)edding, but rises gently to the west, 
leaving in that direction an increasing thick- 
ness of (■ambrian l)eds between it and the 
Algonkian rocks. The basal conglomerate is 
wanting above the apex of the Home^take 
body, but is found in unusual thickness far- 
ther eastward toward the point of the divid- 
ing ridge between Deadwood and Bobtail 
gulches. 

In the Cambrian lieds beneath the por- 
phyry sill and a little to the west of the apex 
of the Homestake Inxly some siliceous gold 
ore has been mined, which is necessarily of 
later formation than the original ore in the Algonkian rocks, and is probably con- 
temporaneous with the ore bodies formed along verticals in the Terry Peak region. 
In these open cuts it is impossible for the unpracticed eye to distinguish the 
slates which are sufficiently mineralized to (constitute i>av ore from those which are 
practically barren. Within the ore zone the rock appt^ars to l)e mther more 
sihcified and is more frequently stained bv iron oxide, and there is more evidence 
of dynamic action. The so-called walls are aprmrentiv planes along which differ- 
ential moven.ent ha. taken place, especiallv on the foot wall. The flutings which 
dehne the direction of pitc^h are very erident, as shown in PI. H (P- 214). 




Fig. 6.-Folded and t-omproMed quartrlte b«nd 
inalate. 
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The form of the ore body as mined is given in the accompanying .sections, which 
are reduced copies of those prepared b}- the engineers in charge of the early work** 
(fig. 7). It will be seen from these sections that not all of the material between the 
walls is sufficiently rich to constitute ore, as the ore body inchides irregular masses 
which, while not absolutely bar- 
ren of values, are too poor to 
work. Such irregular masses 
or horses of relatively })arren 
material are found in all the 
large ore bodies of the zone and 
enhance the diflSculty of forming 
a correct idea of their shape. 
The general form shown in these 
sections resembles that of the 
hull of a deep-keeled vessel, and 
the northern part of the Home- 
stake ore zone, as well as win 
be determined, corresponds in 
general to this shape. But in 
the southern portion, where the 
present extraction is being car- 
ried on, there was, at the time 
of visit, no evidence of the clos- 
ing together of the ore body in 
depth. This may have been due 
to the numerous porphyry bodies 
which have cut through and dis- 
placed it, or to the steepening of 
the southern pitch, which has 
carried the bottom far below the 
present workings. 

In the other open cuts the 
phenomena, as far as can be 
seen through the covering of 
talus, are essentially the same as in the De Smet. In the Homestake open cut 
the so-called western wall is remarkably well defined, but it does not seem to neces- 
sarily form the limit of the ore body on that side. On the ridge at the northern end 
of the Homestake open cut five sills or sheets of porphj^ry can be distinguished in 




Fig. 7. — Sections of ore b«Kly, Father de Smet mine. 



a I am indebted to Mr. Richard Blackstone, engineer of the Homestake Company, for the original drawingH from 
which these sections were copied. 
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tlu* C-anihrian, one of which caps the higher })oints of the ridge. The connection of 
some of tliese sills with dikes breaking up through the Algonkiaii can be more or 
less distinctly traced on the northeastern fac^e of the cut. At the Ixittom of the 
lowest sill is a breecia-like material that ap|)jirently represents the flow breccia 
which was the forerunner of the intrusion of the sill itself. 

Wherever the oriifinal outcrop of the lode can l>e seen under its covering of Cam- 
brian iM^ds the basal conglomerate appears to be wanting directly over it, but is 
found in unusual thickness at a little distance on either side in channel-like depres- 
sions containing abundant fragmentsS of auriferous (juartz. Hence, as is more full^' 
explained in a later chapter, it is ttssumed that this outcrop was for a considerable 
time exposed to erosion above the waters of the gnidually rising Cambrian sea. 

rNI>EK<;K<)rNI) \Vt)RKIX(lS. 

The underground workings of the Columbus mine were inaccessible, but from 
accounts given by those who had seen them, it seems the ore. strongly resembled that 
in the Oe Smet, and. like it, was somewhat richer than the average ore of the belt, 
free gold InMug often visible to the naked eye. In the deeper j>ortions the ore con- 
tains considerable sulphides. 

The givatest horizontal extension of ore in the Homestake mines is shown on 
the 80<.>-foot level, so i*eckoned from the Star shaft. This level connects with the 
tunnel which runs in from IVadwood (xulch Inflow the De Smet open cut, and is the 
only one that extends so far north, for the reason that no pay ore was found l)elow 
the Oe Smet open cut at this level. Hence it has l>een assumed that the ore body 
has wedged ont, as the fonn shown in the sections (tig. 7) suggests that it might. 
It is to Ih> remarked that the funnel or wedge-like form shown in these sections is 
that which theoretimlly " might have l>een expected as the result of a normal fault- 
ing movement along the general axis of the Homestake body. The records show 
that the ore in the IV Smet mine was considerably richer on the average than that 
in the mines farther south. This suggests that such downward leaching in the oxi- 
dizeil zone as tiH>k plaice had hei-e In^en arrested in the lH)ttom of the funnel by the 
converging walls and the oi*e was therefore ivlatively more enriched. In fig. 8 the 
general form of the ore Ixxly in horizontal section is given as far as shown by the 
gnnmd actually stoi>ed on the 3«hj, 4<ni, and r»(M>fiHit levels. As there shown the 
northernmost ix>rtion of the ore Inxly for 1,(XR) to 1,5<mi feet is in the fonn of a 
narn>w tix>ugh fn>m 10 to 40 feet in width, which widens rapidly to the south 
Ixnween the Terra and Highland shafts to about 150 feet and then to 300 or 4(H) feet 
as the Star shaft is approached. In the latter jx)rtion, however, no distinct walls 
could Ih^ traced and considerable portions of the ore IhkIv within these limits are 
left standing because the ore was of too low grade. In the hanging- wall country are 
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many large lenses of white quartz, sometimes 10 or more feet in thickness, which, 
however, show no metallic minerals, though pyrite seems more abundant in the 
slates immediately adjoining them. The lamination of the slates in general strikes 
somewhat nearer north than the ore bodies, and the latter show a tendency to overlap 
each other en echelon, leaving barren ground between the tongues of ore. 

In general in the country northwest of the Star shaft the forai of the ore body 
fulfills fairly well the idea of a boat-shaped mass pitching to the southeast, and 
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Fui. h.— Plans of Homesiukt* ore bodii»s on the 300, 400, and 500 foot levels. 

hence on a given horizontal section growing actually wider in that direction. With 
the appearance of the porphyry bodies in the vicinity of the Star shaft, however, a 
disturbing factor is introduced. Not only is the main ore body split up into several 
distinct parts b}- the intrusion of the porphyry sheets, but there are separate 
detached ore bodies or chimneys whose structural dependence on each other could 
not l>e determined from the examination made. These bodies lie south of the Star 
shaft, the principal ones, going eastward, being the Independence body near the 
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oat to 'Mit die ore h»wiie:- that were w<.»rked in the next ler**l ab*>ve. The >T:^eni •>f 
mining pursue*! involve-* the opening nt large chamber^ in the «>re zon»*. rapid 
extr:u:don or die pay ore. ',uid pn>iupc tLILing up «>f the ^tope> with waste. m» that no 
•iecaileii stuiiy of the iu^iividual U>«iie^ wa^^ prai:ti«-a>>I**. TTie mo^t important <iata 
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to the east in general accordance with, though somewhat steeper, than the lamina- 
tion of the slates. Furthennore, it is seen that they pitch to the southeast as do 
the ore bodies, and, linally, that they tend to spread out more and occupy a wider 
horizontal section as they approach the surface. It is probably duo to their southern 
pitch that many of these ore bodies appear to wedge out in depth, and if a parallel 
section could be made on a plane somewhat farther south it would probably be found 
that the point of the wedge is successively deeper in each section. The only other 
cross section of the porphyry dikes observed was in a cross-cut drift on the 300-foot 
level running from the north header or drift of the Star shaft eastward about 900 
feet to the Caledonia workings. This drift cuts six dike-like bodies of porphyry 
from 12 to 70 feet in thickness and with an aggregate thickness of about 200 feet. 
Comparing this cross section with the eight sections obtained in the Star-Old Abe 
drifts, it is seen that while each differs somewhat in the number and thickness of 
individual dikes the aggregate thickness of all of them cut on these various lines 
presents a rather remarkable uniformity, ranging only between the extreme limits of 
150 and 225 feet and averaging about 200 feet. The dikes may, therefore, be regarded 
as representing a single intrusion of porphyry, which had been forced between the 
lamination of the slates and cut across the eastern edge of the ore body, entirely 
inclosing in some cases large masses of ore-bearing ground. A most interesting and 
instructive feature of the dikes is the frequent occurrence at their contact with the 
slates of a line of breccia, generally conforming with the plane of contact, but some- 
times branching off into the body of the slates. While some of these breccia seams 
may be, as Doctor Jaggar suggests, flow breccias or broken material which was 
pushed ahead of the magma at the time of its first intrusion, they are, for the most 
part, true friction breccias and contain broken fragments of the porphyry, as well as 
of slates. In one case a seam of brecciated slate and porphyry fragments was found 
in the slates at a distance of 15 feet from the porphyry contact. The breccias thus 
indicate clearly that there have been dynamic movements within the mass of slate 
and porphyry since the intrusion and consolidation of the latter. They are found 
generally on but one side of the dike, but in a few cases were observed at either 
contact. A study of these friction breccias show that mineralizing solutions must 
have entered along the channels produced bv these movements. Panning tests 
prove that the breccias contain gold values, though generally less than the adjoining 
slates, while the porphyry on the opposite wall is generalU' found to be practically 
barren of gold. On the other hand, both breccia and adjoining slates are abundantly 
impregnated with pyrite, as is the porphyr}- to a less degree for a short distance 
from the contact. There has also been a certain amount of silicification accompany- 
ing this later mineralizing action. Not only the breccias and slates but also the 
porphyry itself have been silicified in the neighborhood of these secondary fractures, 
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and some of the large quartz lenses in the hanging- wall portion of the body are 
apparently of more recent origin than the porphyry. 

On the 800-foot level, a little south of the Star shaft, the mine drifts have dis- 
closed the top of a body of phonolite which crosses the lamination of the slates in 
a northeasterly direction. As seen at time of visit, it consisted of two detm^hed 
masses with the same general strike on their northern contiicts. These masses are 
probably projecting knobs of the upper surface of a single l)ody. and may be 
expected to join below. They are presumably of later origin than the rhyolite- 
porphyry. WTiether they have had any influence on ore deix>sition is not known. 

CALEDONIA ORE BODY. 

This ore body was only observed on the 300 and 600 foot levels. It lies entirely 
to the east of the porphyr\' intrusion which is cut by the other mine wor!:ings, and 
the porphyry body seen at the surface near the open cut did not appear in the lower 
workings of this mine. A narrow dike of poi-phyry striking N. 10^ W. is, however, 
cut by the somewhat curving drift which reaches the Caledonia workings from the 
Old Abe shaft on the 600-foot level. The slates in this portion of the workings have 
the same general strike, namely, a little west of north, though it locally bends a 
little to the east of north. Their dip is about 45'^ E., apparently somewhat less steep 
than that of the porphyry. The ore body has the usual eastern dip, which also 
seems to be rather steeper than that of the slates. The inclosing rocks are amphib- 
olitic and abundantly impregnated with pyrite. 

CONCLUSIONS. 

From the observations made in the underground workings, of which only a bald 
statement of the most important has l>een given above, the following conclusions 
have been drawn ss to the form and proljable origin of these ore bodies. The 
determining cause of the original ore deposition would appear to have been a com- 
pression and crushing of the rocks along two converging lines, a line of major 
crushing, trending about N. 30^ W., and a line of minor movement, running about 
N, 10^ W. and crossing the line of major crashing just south of the Star shaft, where 
now are opened the shafts and most extensive ore lK)dies. The movement which 
produced this crushing must have lieen very gmdual and of a nature similar to that 
which produced the lamination of the slates. It resulted not in large definite frac- 
tures or in brecciation of the rock, as in vein fissures or crushed zones, where ore 
generally accumulates, but in a differential movement along the already determined 
planes of lamination and pitch, the effects of which, however, extended through 
zones or belts that were somewhat more steeply inclined than either of these struc- 
tures, especially at the junction of the lines of major and minor crushing, where 
the resultant crushed zone seems to have a nearly vertical direction. 
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Jaggar has suggested that the general zone of crushing is nearly coincideni 
with the change of dip of the lamination of the slates, but no facts bearing 
directly upon this theor}^ were observed in the underground workings. If, how- 
ever, a strong line of folding had been developed in the original sedimentary series 
prior to the compression which produced the lamination, it is very probable that 
during the compression the limbs of the folds would have been lines of weakness 
along which the strain might have resulted in some differential movement and special 
crushing and dynamo-metamorphism of the rocks. Along these lines of movement 
the solutions rose from which were precipitated the original deposits of iron sul- 
phides and gold. There is no definite evidence as to the source of these metals. 
The presence of garnet-amphibole rocks is suggestive of contact metamorphism, 
but neither magnetite nor specular iron, which are usually chai*acterivstic of contact 
mineralization, is found with the ore, nor in its distribution was the ore observed to 
have any special relation to the older intrusive bodies. The ore is distinctly of later 
foimation than the garnet and associated minerals, and the latter are seen by micro- 
scopic study to have been formed since the dynamic action which produced lamination 
or schistosity in the rocks. The metals may be assumed, therefore, to have been 
derived from the leaching of rocks at some distance below the surface by percolating 
waters, and to have been precipitated in contact with the graphitic matter, and 
possibly also with original pyrite, present in the slates. 

The second mineralization which came after the later .intrusion of rhyolite- 
porphyry evidently followed the same general channels and consisted essentially 
of the same materials, iron sulphide, and gold. It did not stop at the Cambrian 
contact, however, but continued on through cracks or fissures into the Cambrian 
rocks and deposited abundant auriferous pyrite in the basal conglomerate adjoining 
and in the calcareous beds immediately overlying the outcrop of the Homestake belt. 
The most important difference as yet noted between the two periods of deposition is 
the local formation in the conglomerates of tungstate of iron which seems to replace 
the sulphide. In these later deposits no evidence of pneumatolytic action has been 
observed. As to whether mineralization went on during the period between the pre- 
Cambrian and Tertiar}^ deposition, there is also no evidence. 

The deposits in general are remarkable for their freedom from metals other 
than those already mentioned. There is said to be 0.11 ounce of silver per ton in 
the ores and not over 0.05 per cent of copper in the concentrates. Secondary 
enrichment of the ores by surface leaching has also been of relatively small impor- 
tance. Some of the surface ores of the Homestake body are said to have ajssayed as 
high as $16 per ton, and the ore taken from De Smet and Columbus mines is said to 
have averaged about $1 per ton richer than the ores of the more southern mines. 
It is said that the concentrates in the upper workings of the Homestake mine, where 
the ore was almost completely oxidized, carried only about $1 in gold per ton, but as 
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oxidiition has d«fcreai$ed in depth the amount of jjold in the concentrates has increased 
until ill Uwf lower levels, where oxidation has not penetrated, the concentrates carry 
$^ ill gold per ton. while the ore taken as a whole averages ^.50. Under these c*on- 
ditioQB there is no evidence of any decrease in the values with depth, while the size 
of the ore Ixxly ap(><^rs to be increasing rather than decreasing. On the other hand, 
it would appear from such evidence as was obtained during this examination that 
the pitch of ore is not as regular as seemed to be the case in the uppcM* and northern 
portion of the workings, but that at present it has steepened so as to nearly 
approach the vertic*aK while the eastern dip has also steepened. This might have 
been expected if, as suggested above, the present result is dependent on the 
converging or crossing of movement on two distinct lines. 

PKTHOaRAPUIC STUDY OF THE HOMESTAKE ORES. 
By J. D. lRviN<i. 

The ores of the Homestake mine oi'cur in the rocks of the Algonkian, which 
consist of a varied series of highly altered and, in most cases, crystalline rocks. 
They may be divided into two groups — metamorphosed sediments, and metamor- 
phosed igneous rocks. 

METAMORPHOSED SEDIMENTS. 

The rocks of this group constitute by far the greater portion of the Algonkian 
series. They are quartzites, quartz-schists, Tnica-schists, phyllites, graphitic slates 
and schists, chloritic slates and schists, and many varieties intermediate in 
position. 

METAMORPHOSED IGNEOUS R(X:KS. 

Under this head are plac^ed a series of varyingly schistose rocks of uniformly 
basic character. Thej* are here grouped together under the comprehensive term 
'•amphibolite,'' as amphibole is the most notice^ible constituent. As a whole they 
present a greenish appearance, a massive and mther dense texture, and in the 
majority of cases possess a schistosity but poorly developed. They occur as 
dikes or irregular masses in the other Algonkian rocks, and in many cases show 
a massive core with the schistosity increasing toward the periphery. Mineralog- 
ically they consist of pale-greenish amphibole (usually actinolite) with some original 
plagioclase, secondary quartz, and orthodase in subordinate amount, with acces- 
sory zoisite, ilmenite, titanite, leucoxene, and calcite. Original kernels of augite 
show the hornblende and actinolite to be of a uralitic character. Some of the 
more highly metamorphosed rocks show a development of biotite. 

In texture the metamorphosed igneous rocks vary from a fine-gmined dense 
rock, though diabasic, to one very coarse with a chamcteristic mottled appearance 
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resembling the skin of a leopard. The coarsest specimens possess a texture and 
general appearance suggestive of gabbros, pyroxenites, and other plutonic rocks 
of basic charai*ter. In the less extensive and dike-like occurrences the vestiges of 
an original diabasic texture are often well defined. There seems little reason to 
doubt that the araphilK)lite group as here exposed is referable to an original 
series of basic rocks whose chief mineral was pyroxene. 

RELATION OF THE ORKS TO THE ALtJONKIAN RCK'KS. 

The ores of the Homestake mine, taken as a whole, can not be said to present 
any constant features that will serve to distinguish them from the characteristic but 
baiTen rocks of the Algonkian. 

Pyrite is by far the most invariable indication of mineralization, but is notably 
absent from many of the richest portions of the ore. Quartz, dolomite, calcite, and 
arsenopyrite are also of frequent occurrence and sometimes constitute the main body 
of the ore, but no decrease in values can be noticed when they are absent. Again, 
garnet and tremolite will be present in so great abundance as to constitute the larger 
portion of the gangue mineral, but bodies of ore will occur at no appreciable distance 
in which no trace of these minerals can be observed. Thus, it will appear that 
although we tind pyrite, quartz, dolomite, calcite, arsenopyrite, tremolite, and garnet 
frequently constituting either separately or in combination the gangue of the ore, 
no one of these minerals can be stjited to be a sine qua non to the occuiTence of the 
gold. In general, however, it may be said that, compared with the barren areas of 
the same formation, the ores occupy a zone which presents a greater number of 
secondary minerals; a more constant occurrence of sulphides, dolomite, quartz, 
calcite, and arsenopyrite: and, finally, a more advanced degree of cx)ntortion and 
distortion. 

DETAILED DESCRlI*TION. 

\ 

WALL KOCK. 

In the set of collected rocks were two specimens of that variety of wall rock 
known among the miners as ^'woodyard'- slates. These were taken from the 
north end of the 300-foot level in the long crosscut. 

One specimen (No. 45) is an extremely fine-grained, evenl}'^ schistose rock of a 
blackish-gray color. It splits more easih' along those planes which show an abun- 
dant development of extremeh' fine mica, to the arrangement of which in parallel 
plates the schistosity is due. Cross jointing frequently occurs, and the rock gen- 
erally shows wavy crenelations traversing the surface of schistosity. Thin films of 
pyrite occur here and there in the secondary planes and the same mineral may 
occasionally be observ^ed in small isolated masses. The microscope shows this rock 
to be a dense aggregate of quartz, mica, and a very finely divided dull-black 
4987— No. 26—04 6 



^:i 3ri»9ii9£«: fiDBs«>CBinEi!- »>F X«.*BTHER:3r BLACK HILLS. 

3UGPr*iu. wmi.*a > pT**?5aiiiahiv graphite. ThL^ graphitic material «)c«:iir» in ^xkA 
-joiuHiaiu.**^ i&i^ :o inaise !iU4:ni!«CT>pk* <wt.*ticnis very «>paqae. O^catfional lentscs of small 
^zi? vHrf.-ur in ^aica :rr*»OTi»r maM^er^ or pyme?* and quartz mav he o^ji«enn»<L 

Tbe tjar'^r "rarri^tv of niitf '4)-4!aiIe»i *iiroi)«iyani"" 4at€s <Xo. 44 » -?how«i ligfaser- 
•iwity^L ramer 'artptr dakes of !nii.*a. anil si iii«>nf marked evidence of i*^nimpling. It 
^jnt:un> t;*io>iiii^R*oi*- rnloricp. .ind b«*rw«*%?n the mi«nic«*i>iL< la vers are Lntercalafied 
ianti> rC A !Ui»r»? inartziw?*? v-aanicCer. The quartz ^rrain.^ are small ami ^ow con- 
-iaerrwjie r>-«.t*mentaiii>n. The []U4*a is miL?c«> rite. The liirfit <M>lor of the njck w due 
ztj rnt? :kO??*?nce of nhe graphitic t.-«tnsrCituenc. ijonsidered as a whole, theijse ^kpecimenat 
^uw a it'*' iisturoe^i i.-tjndicion than cfae or»*s: they •njncaia far le^s pyrite and are 
nurQ more ev^iiiy '?caii?tu>e. 

Ill the ^c of specimeus «.-«)llected the following three varieties of ore can be 
di>tinsruish*?d: «!• Bauded or**: that is^ »>re wherein the mtneralizadim has not been 
ja:* t.'mpauied by distortion of the original structures of the nx-k. <:!» Contorted 
ore: chat !s< ore where the original nx»k has uiiderg«:»ne very great distoroon. Thi* 
distortion has generally been accompanied by the iutroduction of Qumen>us mineraLf 
not an esjjeutial part of the Algoukian serie?< «3i Ma2?sive ore: that t^^. ore where 
tew. if any. tnu>^< of either the original structure or the original ingredienti* in the 
AJgonkiau nx'k L-aii U* o})(terved. Thtvse three varieties are ^parate<i fn)m one 
another by uo sharp liuo of <lemar^*atio«, but transitional \-arieties ^xvur lowing 
•ail stages of distortion and uiiuerali^ation. 



A specimen of oiv taken fvoui the middle Hr*»ast of the ^H»~foot level shows 
complete preservatii>ii of the origiual '^truclurc^ aiul oliaractcristic^ or the Aig«.mkian 
nx*k after mineralization. It is a black, Mhisiix^o iwk tstKvimeus 4 and .">» in which 
the original >edimcntary bamlinj^i: is vcr\ pix^muuKHnL Ihc ^»and> are ^-aused by the 
alternation of narrow and e\c\^slin>fl\ dcu^c Iuxcin v»t* a Jatv lis^^vt with bn^ader 
bands of coarse texture and sli^fhllv liKhlcr coU»r. I hi^ iiario\^ l»anvis have a slaty 
*-Icavage at a considerable angle to the UhUUu>;. Ihc nuii\KMV|K^ nIiow-v them to ?>e 
composed of irregular blailes of biolilc \Hk\Mv\ to the vlcuva^c :uid a .-oufused 
jjggregate of very tinely divivkH.1 bluvk nmlviiul ol |»usHUumM\ ^inphitic character. 
Small grains of quartz and orthiKlu^c iHxur Is»>;cIIum \\i{\\ ihc ^^olil^^ Ak»ug the 
planes 'of s^histosity in tht^se dark ^»HtuU kkkxu »»um^I uud oxHvuk^U thin dims 

of pvrite. 

The .-oarser lavers ai-e <vmpostNd of iiicu^»»Hil\ inmiuUHi v;rHih.s ot oithwia^* 
of considerable size and irrt^gular v>atchivs v^l UiolUo. \\u^ oiUkk W ^mui. .w 
tain many inclusions and have origiuulcd t»oiu ibo m.iuuum.luMu w tlw primary 
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ingredients of the rock. The biotite is interstitial between the orthoclase indi- 
viduals and is in very irrej^ularly bounded patches arranged without any special 
orientation. They are generally of sufficient size to be identified in the hand 
specimen. It is interesting to note that the graphitic material in the body of the 
orthoclase is arranged in very narrow bands of alternately darker and lighter color 
according to the greater or less abundance of the graphite (see fig. 10, 1). These 
Imnds follow the original Ijedding planes of the rock, causing the contrast in color 
which makes the banding prominent. The schistosity has fractured them so that 
their continuity is interrupted by a succession of small displacements (see fig. 10, 2). 
Joint planes can be frequently observed running in directions at various angles to 
the prevailing schistosity. In some of these seams carbonates — probabh^ calcite 
and dolomite — occur; in others, pyrite. 

A slightly more oxidized variety of banded ore is seen in specimen No. 25 
from the north end of the 400-foot level near the 
De Smet. It is a blackish-gra^^ rock with a pro- 
nounced sedimentary banding and jX)orly developed 
schistosity. Small crvstals of arsenopyrite and 
pyrite are scattered sparsely through it with no 
semblance of regularity. The pyrite occurs also in 
irregularlv distributed masses or in thin films. 
There is later deposition of pyrite, together with 
considerable limonite, along secondary fractures. 
Viewed under the microscope the ro<'k is seen to 
consist of biotite, quartz in grains, and numerous 
lenticular masses or crystals of pyrite and arseno- 
pyrite. The specimen has sutfered little or no 
deformation, and but for the o<*currence of the sul- 
phides presents no noticeable features which would serve to characterize it as an ore. 

Nos. 15 and 1«5, taken from the north end of the 4(>0-foot level, show still 
another variety of banded ore. In No. 15 the sedimentary banding is scarcely 
noticeable and the rock closely resembles the '"woodyard'' slates in its general 
appearance. It is a fine-grained grayish phyllite, with bands of somewhat more 
graphitic character occurring without regularity. Pyrite is present in very thin 
films along the planes of schistosity. 

No. 16 is a rock of very similar character, but exhibits two directions of 
schistosity. The first, or that parallel to the original banding, causes the rock to 
break into broad flat slabs. The second is at an angle to this and exists only between 
the first described. The microscope shows the rock to be composed of quartz grains, 
fine blades of muscovite, biotite, and chlorite, together with considerable calcite in 
irregular patches and some pyrite. 




Fig. 10.— Banding of Algonkian elate dae 
to parallel arrangement of graphitic 
material. 
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No. 24 shows still a different variet}' of banded ore. It is from the Lincoln stope 
on the 400-foot level. It is a dense rock compoiJed of alternating light and dark 
bands. The dark bands have a black slaty appearance and show niiiuerous small flakes 
of biotite, together with minute crystals and masses of mispickel and,pyrite. The 
lighter bands are of an extremely fine quartzite, somewhat friable in character, and 
colored light green from contained chlorite. The whole specimen is cut by a cmss 
vein of quartz and pyrite which shows a distinct vein structure and is almost 
perpendicular to the schistosity. The quartz of this vein is of glassy character and 
the pyrite occurs chiefly in the center, filling the space between two quartz masses 
on the sides. The section shows only a limited portion of the specimen and is taken 
from the light-green band. This consists of fine grains of quartz, showing consider- 
able recementation, some interstitial calcite, and very numerous extremely thin 
shredded flakes of chlorite. A few isolated patches of titanite may also be observed. 
No. 8, from the south breast of the 700-foot level, is a dark-green schistose rock, 
shot through with fine lenticular masses of pyrite, whose longer diameters are in the 
direction of lamination. Fibrous tremolite can also be observed in small radiating 
bundles. The microscope shows the rock to be a laminated aggregate of quartz 

grains, tremolite, chlorite, and len- 
ticular masses of pyrite; a little 
biotite was also observed. 

Specimen No. f), from the middle 
west shoot on the 80()-foot level, 

FIG. u.--Direction of «ehi«u>.ity in mine.ai.ed .whists. ^^ows a transition from that ore 

which preserves the original Algon- 
kian stnicture to ore of a more contorted character. It is a markedly schistose rock 
consisting of granular' quartzite, glassy quartz, and heavy bands of iron sulphide 
mingled together in a confused manner. The sulphide is of a slightly pinkish tinge 
and may be pyrrhotite. Intimately mixed with the quartz is considerable dolomite 
showing curved faces and sometimes a slightly yellowish color. Under the microscope 
the sulphides show shattering, biotite, quartz, and calcite occurring between the 
fragments. In the portion which consists mainly of quartzite the grains are notice- 
ably recemented. In the micaceous portion, green amphibole, chlorite, biotite, and a 
little titanite oc^^ur. All of the minerals show strain phenomena, and the entire 
specimen is distorted, so that the relations of the various layers are very confused. 

Specimen No. 30, from the west stope on the 500-foot level, is a dense granular 
quartzite heavily impregnated with pyrite, crystals of arsenopyrite, and carbonates. 
Traces of a laminated texture are observable in the parallel alignment of biotite and 
other micas which occur in a narrow band. The greenish color is due to thin 
microscopic blades of chlorite. Under the microscope the separate grains of quartz 
show recementation. There is present considerable biotite and pyrite in irregular 
masses, arsenopyrite always in characteristic crystals, and some calcite. 
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No. 3 is a fine-i^niined compact quartzite, colored dark green by extremely 
minute microscopic })lades of chlorite and containing scattered bunches of radially 
arranged treniolite needles. The microscope shows the rock to be made up of an 
aggregate of small quartz grains, all showing secondary enlargement, scattered 
masses of titanite, and a little calcite. All of the original quartz grains show 
indications of heavy strains. 

CONTORTED ORE. 

The term '* contorted'' ore has been used to designate that variety of ore in 
which the original schistose character of the Algonkian has been greatly distorted, 
and in which minerals not commonlv forming an essential part of the Algonkian 
rocks have been introduced in greater or less abundance. 

Specimens Nos. 32 and 934 ilhistrate this variety of ore. They are extremely 
fine-grained, chloritic schists, with satin-like luster, distorted and gnarled so as 
to resemble the texture of knotted wood. Lenticular masses and augen of 
dolomite, calcite, and quartz intimately mixed together, or of glassy quartz, 
pyrite, and mispickel are abundant; radiating masses of tremolite occur sparingly. 
Where the distortion has not gone so far that no definite structure can be 
recognized, the knots or augen are beautifully developed. A blow with the 
hammer will genemlly reveal the presence of a kernel of arsenopyrite or, pyrite, 
to which the knots owe their origin. These kernels of sulphide are often one- 
half or three-fourths of an inch in diameter. They are generally well crystallized, 
and the schist passes up over them in very even curves. In otl\er instances the 
distortion has gone so far (e. g., specimen No. 2H) that ^he original structure of 
the schist has been comph^tely obliterated, and masses of quartz, sulphides, 
chlorite, tremolite, dolomite, and calcite occur together in very confused relations. 

In specimen No. 2*) a very large and irregular mass of quartz may be seen 
embedded in the chlorite. The arsenopyrite is almost always in distinct crystals, 
or groups of crystals, and the pyrite is sometimes in crystals, but more 
frequently in largo irregular masses. In many instances pyrite and arsenopyrite 
are mingled together in a single mass, each mineral being recognizable by its 
characteristic color, but. neither showing any definite relation to the other. 
Occasional patches of garnet may be seen in the chlorite, but they are rathei 
sparingly developed. The microscope shows the greenish portion to be composed 
mainly of chlorite, with some few needles of actinolite or hornblende, of which 
the chlorite seems to be the alteration product. The crystals of arsenopyrite 
are frequently slightly shattered and their interstices filled with quartz, but the 
fragments are never very distant from one another, and it is probable that the 
movement which produced the shattering was very slight. 

In a section of specimen No. 32 secondary veins of calcite can be observed 
cutting directly across chlorite, sulphides, and quartz indiscriminately. This 
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4liirv«r% fittt tbfiTti hmt been an introduction of calcite subsequent to all of the 
^m^j mimmlbmium. 

!• /j«#r ^phtimen of this chloritic ore (No. 896) a considerable development of 
U»*r ffAA wm* olmerved. This jifold occurs in two distinct i-elations to the gangue 
jHOMml*: fir«4f fyimtA\n4id in the quartz in extremely thin leaves following apparent 
U-wiUun^ lifj^: mamA^ <rontained completely in the chlorite-schist. In some instances 
tiM* ^<AA Um\*9^ in the quartz extend up into the chlorite of the main mass. In 
iA*AiliM$r «;m^ in tli«f gold aMsociated with sulphides, but small fragments of quartz, 
toouwf </f tl«effi f^/ffjp|4f(p|y surrounded by gold, occur with all of those masses of gold 
iu Xh^ *rUUmtU: {K^rlion of the ore. A specimen of the gold in the chlorite was seen 
ifi tii*f nmm inhiH^:UfrH office in which a leaf of gold about one-half inch in breadth 
aiid ounf l^ixty'fou^tb of an inch in thickness projects from the chlorite and -curves 
</v«?r im tl*<e ouOtuU* of the rock. In one instance a leaf of gold extends from the 
quMilx inVf till? chloriti* by which the latter was surrounded and occurs there 
i/jyfkitUt^r with <'hlorit«?, filling the interstices between irregular grains of quartz. 
Mo8t of thii» i^old IM in exiMtedinglythin leaver, none of it ever showing nugget-like 
jip|Mfaranw. A di/itinct crystalline structure could not be observed in any of the 
gold, but \U ifmnn<fr uf reflecting light suggested the presence of minute crystalline 

MAHHIVK ORK. 

UikIit the nariKt of ^*niaHMive'' ore lias been placed that variety of ore in which 
all Htructurcf* liotli of Imnding and schistosit^^ which characterize the Algonkian 
ViH'M havi* \H'^itn coinpletcily obliterated. This variety of ore consists chiefly of 
minerals which have lieen introduci^d cither by deposition in spaces left between 
Algonkian nx^ks or by repbu*ement. Suc^h minerals as are characteristic of the 
metamorphosed Algonkian o<*<rur either in this ore as broken fragments or in the 
Algonkian rock which forms the walls of the cavities in which the ore was found. 
One of the 'most interesting varieties of this ore is that composed of dolomite and 
quartz. A characteristic si)ecimen of this variety of ore (No. 925) was taken from the 
south breast on the 800-foot level. It consists of a large irregular mass of coarsely 
crystalline dolomite confusedly mingled with chlorite, tremolite, irregular masses of 
glassy quartz, and some pyrite. The main dolomite mass is intersected b}' joint 
planes tilled with glassy quartz and evidently of a much later age than the rest of 
the ore. The microscope shows the dolomite to be made up of a great number of 
seimrate individuals, none of them with crystalline boundaries, but impinging upon 
one another in very irregular lines. They show very great dynamic stress in their 
wavy extinction and distorted cleavage. A few identitiable ma&ses of calcite occur 
with the dolomite. The quartz which fills the joint planes is seen to be composed of 
many small individuals, but is very clear and shows no indication of strain. 
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Another variety of massive ore is seen in that taken from the west shoot on 
the 800-foot level (specimen 7). It is composed of a confused aggregate of radiating 
tremolite of a brownish- green color in hand specimens but almost colorless by 
transmitted light, biotite, quartz grains, dolomite, and chlorite. Tremolite is the 
most noticeable mineral in the ore. Under the microscope the quartz grains and 
dolomite are seen to be mingled together in a confused manner, neither ingredient 
exhibiting crystalline boundaries. Isolated grains of titanite, ragged flakes of bio- 
tite, a little green hornblende, and some quartz are also present. A most inter- 
esting variety of massive ore is that occurring in the Pierce stope and known as 
*'garnetiferous" ore (No. 18, No. 19, and No. 20). It is a confused grayish mass 
of tremolite, glassy and granular quartz, dolomite, pyrite, arsenopyrite, and garnet. 
The microscope shows garnet, chlorite, dolomite, quartz, pyrite, and arsenopyrite. 
The garnet is very largely broken and shattered, especially so when occurring in the 
quartz and dolomite. Those masses which are entirely contained in the tremolite 
are less shattered. As a whole it is very much broken and is often partially 
altered to chlorite and a green, pleochroic hydromica, perhaps related to ripidolite. 
The garnet fragments are surrounded and invaded along fracture lines by dolo- 
mite, quartz, and pyrite, showing that these three minerals were formed later than 
the garnet, which is itself probably the product of metamorphic action. In some 
cases the garnet has gone so far in alteration that only a green confused mass of 
chlorite and hydromica remains, with perhaps a kernel or two of garnet to indi- 
cate its origin. Fragments of garnet occur completely isolated from the parent 
mass and surrounded by quartz. The quartz consists of an aggregate of irregular 
grains whose boundaries hav^e been recemented in man}^ cases. The granular 
aspect is probably duo in large measure to shattering, of which the heavy strain 
phenomena are an additional evidence. Pyrite grains occur scattered through the 
quartz. The dolomite, when seen in a hand specimen, presents many curved faces 
and under the microscope shows wavy extinction due to dynamic stress. It has 
never developed the twinning planes parallel to — i R. which are so characteristic 
of strained calcite. It is broken so that large fragments are often isolated and 
imbedded in a quaitz matrix, the separate faces being eaten into at times by the 
quartz. This phenomenon of quartz occurring later than the dolomite is again 
seen on the 800-foot level, where a large mass of dolomitic ore is cut by small 
stringers of glassy quartz rarely more than one-sixteenth of an inch in width, but 
distinctly filling joint planes in the dolomite (No. 925). 

Specimen No. 19 shows large and distinct cubes of pyrite embedded partly in 
one of the ingredients of the ore and partly in another. The arsenopyrite is present 
in small crystals of characteristic shape, but is not so prominent in the garnetiferous 
portions as in the rest of the ore. The dolomite in Specimen No. 19 is slightly yel- 
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lowish in color and probably has some of the siderite molecule in its composition. 
The tremolite sometimes penetrates the garnet and in some cases has been replaced 
by calcite. The dolomite of the main ore mass is to be sharply distinguished from a 
few later calcite seams which cut both quartz and garnet indiscriminately. The 
quartz frequently contains little porous and fluidal inclusions arranged in lines at 
varying angles to one another. In this varfety of garnetiferous ore, therefore, is 
fieen the following sequence of events: 

(1) The metamorphic action which produced the tremolite and the garnets. 
(2) The shattering of the original rock which gave rise to the broken condition of 
the garnets. (3) The introduction of the dolomite between the fragments of the 
garnet. (4) The shattering of the rock as then formed and the introduction of the 
quartz into the spaces thus left vacant. These relations will be well illustrated by 
PIk. VII, A and B. 

It is probable that most of the pyrite was introduced at the same time as the 
quartz, but, except to say that it is later than the garnet, no definite evidence as to 
its age is available. LAter than all these events occurred considerable movement 
and crushing which produced strain phenomena in the quartz and the subsequent 
recementation of the shattered individuals by quartz. 

PORPHrRIES. 

The eruptive rocks occurring in the Homestake mine are rhyolite and trachy- 
toid phonolite. 

The rhyolite, which is by far the most abundant of the two, is a dense, almost 
aphanitic, grayish-white rock resembling novaculite. Under the microscope it shows 
an extremely fine aggregate of low polarizing individuals in granular arrangement. 
None of them are large enough to be accurately determined, but they are probably 
quartz and orthoclase. Phenocrysts are scattered very sparsely through the rook 
and are uniformly small in size and show very advanced stages of alteration. In the 
very numerous sections examined all of the phenocrysts were either completely 
kaolinized or weathered and the spaces filled by secondary calcite. The only basic 
mineral present is pyrite, which occurs abundantly even in the freshest specimens. 
It generally shows small dodecahedra or pyritohedra, or is in irregular rounded 
masses of no definite form. These crystals and masses are generally extremely 
small, so that they appear in hand specimens merely as minute, glistening specks. 
No dark silicates of any kind ean be seen in the slides. There is a general resem- 
blance of this rock to the rhyolite or white porphyry which occurs in the vicinity 
of Leadville and elsewhere. 

A second variety of porphyry is a rock belonging to the phonolite family. It is 
a porphyritic rock exhibiting a dense, brownish- green, almost aphanitic groundmass, 
in which are embedded glassy or salmon-colored crystals of sanidine. Small crystals 
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of aegirine-augite can also be identified in the hand specimen. The microscope 
shows the groundmass to be made up of small rods of orthoclase ari'anged in flow 
structure, together with innumerable shredded masses of aegirine. A few crystals 
and irregular masses of identifiable nepheline occur. The large aegirine-augites are 
generally well bounded and show the characteristic cleavage and optical characters of 
this variety of pyroxene. The rock has scarcely sufficient nepheline to be classed as 
a phonolite, and yet the proportion of that mineml is too large and the amount of 
soda pyroxene is too great to allow its classification with the soda trachytes. It is 
distinctly a transitional type and belongs to that variety of rocks which is very 
common in the northern Black Hills and has been classified as '' trachytoid 
phonolites." 

l»OKI>HYRY BRECCIA. , 

On the border of many of the dikes of rhyolite occur varying widths of 
brecciated material consisting of angular fragments of porphyry, ore, and distorted 
schist. On the upper levels these breccias are too much oxidized to afford any 
satisfactory evidence from their study. Those from the lower levels, however, 
present some interesting features. 

No. 78 occurs on the contact of the dike with barren slates. It consists of 
sharply angular fragments of porphyry, glassy quartz, and dolomite embedded in a 
matrix of black comminuted schist of a very graphitic character and more or less 
heavily imprecated with pyrite. 

No. 29, taken from the east stope on the 50()-foot level, shows a grayish mass of 
brecciated material containing much fine-grained p3^rite and small angular masses of 
porphyry, In this are embedded large and small more or less broken angular 
fragments of glassy quartz. Pyrite occurs in the quartz rather more sparingh^ than 
in the interstitial material. The latter is an extremel}^ fine, black, graphitic 
aggregate, which, by reason of its very yielding character, has been thrust into the 
minutest crevices. The pyrite oc(!urs most abundantly in this matrix. 

Specimen No. 81 shows fragments of porphyry completely embedded in glassy 
quartz and pyrite of the ore mass. The quartz fragments are made up of many 
separate individuals with very irregular boundaries, and in polarized light give 
evidence of great dynamic stress. Much calcite has been introduced between the 
fragments of quartz and also occurs in irregular patches in the breccia matrix. It 
is worthy of note that the pyrite in the matrix, even where present in distinct 
crystals and large masses, shows no evidence of shattering. It is therefore probable 
that this naineral was introduced either subsequent to or contemporaneous with the 
brecciation. 

Specimen No. 47 is a breccia showing a more advanced degree of comminu- 
tion. Under the microscope we are able to detect fragments of quartz, angular 
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fraginent^ of porphyry, and irrejj^lar pieces of quartzite and schist. In the 
interstices between these different fragments is a matrix composed of black 
crushed material of graphitic character. Some caicite and a little clay resulting 
from a decomposition of the feldspar are also present. The quartz shows the 
usual strain phenomena. The softer material in this case, as in the other specimens 
of breccia, has suffered the greatest deformation and has been introduced between 
the harder fragments without destroying their angularity. 

SUMMARY. 

Although a careful study of the collected specimens from the Homestake 
mme does not lead to an\' very positive conclusions, it is possible to get from the 
relationships of the different minerals some evidence as to the general nature 
and origin of the mineralization. The ores occur along a definite zone which 
follows roughly the general trend of the schistosity of the Algonkian series. 
This zone has been the line along which successive periods of differential move- 
ment and fracturing have occurred. That these periods of movement were 
sul>se<|uent to metamorphic action is proved — fii*st, by the partial or complete 
obliteration of metamorphic structures in much of the Homestake ore, and, 
sec^>nd, by the shattering of many of the minerals which are the characteristic 
pnxlucts of metamorphic action. Thus, for instance, the gnarled and knotted 
structures of the chlorite-schists from the Pierce stope; the departure of the 
schistosity from the even and regular direction so characteristic of "woodyard" 
slates to one wholly, without regularity; the occurrence of various foreign 
minerals in distorted and confused relations; and, finalh', the complete obliteration 
of all metamorphic structui-es in some of the more massive varieties of ore must 
be assigned to disturbances which have occurred long after metamorphic agencies 
had ceased to operate. 

For the l>etter understanding of the relations of the different ingredients of 
the ores and the conclusions which may be drawn from their study the following 
general summary is introduced. The minerals of which the ores are composed 
fall into the following three well-defined groups: (1) Minerals which are an 
essential part of the Algonkian rocks, either as original ingredients of the series 
prior to metamorphic action or as products of regional metamorphism. These 
include quartz, orthoclase, hornblende, biotite, garnet, tremolite, actinolite, titanite, 
and graphite. (2) Minerals that are the result of mineralization as distinguished 
from metamorphism, pyrite, arsenopyrite, quartz, dolomite, caicite, and gold. (3) 
Minerals that are the result of the oxidizing and decomposing at-tion of surface 
waters, iron oxide, and caicite. The minerals of this group, except in so far as 
it is necessary to distinguish them from the others, are unimportant. 
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It is readily seen that quartz occur^i as the most abundant and characteristic 
mineral in both series, nor have we, except in its structural relations, any means 
of determining to which class it belongs. It occurs in three forms: 1. As a relic 
of the quartz of the original rock prior to metamorphism, in which case it may 
generall}' be distinguished by its occurrence in somewhat stretched grains which 
have been cemented by later depositions of silica. Strain phenomena and other 
indications of metamorphic action are here at their maximum. 2, As a by-product 
of metamorphism tilling interstices between the laminae of schists and forming 
grains in the schists themselves. Quartz of this variety is seen to be composed 
of separate individual grains sometimes cemented together by additional silica and 
always shows — at least in all of the ores taken from the Homestake mine — evidence 
of dynamic stress. 3. As a vein mineral intersecting all schistosity and other 
superinduced metamorphic structures and therefore entirely subsequent to these. 
How- many periods there may have been during which this vein quartz was intro- 
duced it is impossible to say. 

Garnet and tremolite of the tirst or metamorphic group are undoubtedlv older 
than some of the quartz, pyrite, and dolomite that are attributed to mineralization. 
The garnet especially often occurs shattered and broken, the interstices between the 
fragments being filled with dolomite, quartz, and pyrite. 

Pyrite occurs in many different relations, such as: 1. Along plianas of secondary 
schistosity and other metamorphic structures; it is here unaffected by subsequent 
movement. 2. In irregular masses and crystals having no definite relation to the 
schistosity. 3. In irregular masses and crystals which have been shattered by 
subsequent movement and the interstices between fragments filled by quartz. 
4. In the ix)rphyry in minute crystals and rounded grains. 5. As the central and 
youngest ingredient of quartz veins which cut ncross the prevailing lamination. 
6. In joint planes cutting the schistosity and evidently long subsequent to other 
mineralizing action. 

It will thus appear that the pyrite has been introduced at different periods. 
One of these periods undoubtedly occurred later than the movements which shat- 
tered certain of the metamorphic minerals It can not, however, be determined 
whether pyrite belonging to other periods of mineralization may not have been 
introduced at the time of metamorphism. Again, some of the pyrite is later than 
the intrusion of the rhyolites, but that belonging to other periods may have been 
introduced earlier. 

Gold. — ^The relations of the gold afford no evidence as to the date of its 
introduction. It is associated with quartz, and may have been introduced with the 
quartz or subsequently. Furthermore, there is no evidence as to the manner in 
which the gold was deposited. 
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Dolomite. — ^The dolomite Heera*> to have l^een the product of a single period 
of Diineralization. ItH relation to fragments of metamorphic minerals shows that 
it was formed later than the metamorphic action. Its occurrence as fragments 
in porphyry breccias shows that it was present previous to the movement that 
shattered the dikes. Again, very heavy strain phenomena, the distortion of 
cleavages and twining lines, together with its occurrence in lenticular and augen- 
like masses in bodies of schist, show that much movement and distortion has 
occurred since its introduction. The relation of the dolomite to some of the 
cfuartz is also interesting, for fractures or joint planes tilled with glassy quartz 
fx*cur in the dolomite, and frequently cleavage rhombs and angular fragments of 
dolomite may be seen surrounded by glassy quartz. The relation of the dolomite 
and pyrite can not be determined. 

The general conclusions which may be drawn from the study of these specimens 
are as follows: 1. There have been successive periods of movement since the 
metamorphisip of the Algonkian series. 2. There have been successive periods 
of mineralization which occurred later than the metamorphism of the series. 
Others may have oc*<;urred prior to metamorphism, but of these we have no 
proof. 3. Though no definite evidence is at hand to show that the gold was 
introduced into these ores after the metamorphism of the rock, it seems most 
reasonable to refer it to this period of niinei*alization. 

CLOVER LEAF MINE. 

The Clover Leaf mine (formerly the Uncle Sam) is situated on the south side 
of Elk Creek, at Perry station, on the Black Hills and Fort Pierre Railroad. 
The countrj^ rock is mica-schist and the usual associated rocks of the Algonkian 
formation — mica-slates, chloritic schists, amphibolites, and quartzites. The mine 
is situated in the Algonkian area at a considerable distance, in all directions, from 
exiK)sures of higher geological formations. PI. VIII (p. 214) shows the geology 
and general mode of occ^urrence of the ore Ixxly. The mine was first operated under 
the name of the ** Uncle Sam mine,'' but was alwindoned in 1889 on account of the 
difficulty in handling the water. It was idle for ten years, and was then opened in 
1899 by a new company. The deposit was originally worked by an inclined shaft 
c^xtAMuHng southward from a i)oint a short distance, north of the large open cut 
ti) a depth of 150 feet This incline, and all of the workings connected with it, are 
now inacc4»ssible. At a point about 200 feet wmth of the old incline a vertical 
shaft was sunk to a depth of 260 feet and the (|uartz body was then mined in 
Unels fron) that iK)int. The ore, however, dipped so sharply in a southeasterly 
directioi. that it was soon carried l>eyond working distanct*. from the shaft, and a 
new incline was opened on a 200-foot level. This followed the ore in a direction 
S, «4"' K. and dipped at an average angle of 40 ^ This incline had attained a depth 
of sonu^thing over 800 feet vhen the mine was abandont^d. 
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The surface workings of the Clover Leaf mine comprise two open cuts con- 
nected by a tunnel. One of these is 120 feet slightl\' west of north from the shaft; 
the other about 50 feet farther west. In the first or principal cut is exposed a 
ledge of iron-stained quartz 5 to 6 feet in thickness, and roughly parallel to the 
lamination of the schist. It strikes N. 55^ W., and dips about 60^ to 70^ SW. 
This quartz ledge was followed downward along the dip, and increased greatly in 
thickness to the southeast. The inclosing schists and slates, as well as the quartz of 
the ore body iti^elf, are heavih' impregnated with pyrite, which at the surface is in a 
highly oxidized condition. 

From the surface to a depth of 300 feet extends a large inclined stope. 
Through this one may descend as far as the 250-foot level, beyond which water has 
rendered the workings inaccessible. A horizontal section of the quartz body, as 
exposed on the 250-foot level, has the appearance of the letter U, with slightly 
flaring arms. The apex of the U strikes S. 64:^ E. ; the northern arm, N. 40^ W., 
and the southern, S. 75- W. The slates curve over the roof and conform to the 
strike of the quartz body, appearing on both sides ^of the northwesterly and the 
southwesterly arms. The}' are not, however, exposed in the floor of the s*^ope, from 
which the quartz has not been completely excavated. Both arms of this quartz 
mass, when followed out from the crest of the eastwardly dipping anticline, become 
much narrower than the main quartz body. The northwesterly has an average 
width, where exposed, of 20 feet; the southwesterly, about 10 to 12 feet, narrowing 
as it is Allowed along the strike. 

RELATIONS TO SURFACE GEOLOGY. 

At a point along the railroad switch, 950 feet in a direction N. 83^ W. of the 
shaft, the lamination of the schists strikes almost east and west with a southerly dip 
of 44^. This dip and strike seem to prevail along the railroad cut for about 500 to 
600 feet, but as one approaches the open cut the dip becomes steeper, and the strike 
has turned to a direction X. 53^ W. On the north side of Elk Creek, 800 feet 
north of the shaft, is a prominent exposure of schist, and here the dip is 53*^ toward 
the northeast, and the strike N. 15-^ W. The same strike seems to prevail to the 
northeast of this point. Again, directly south of the shaft, and about 800 feet 
distant, the lamination of the schists strikes N. 35"^ W., and dips about 45^ SW. 
All of these observations, when considered together with those made underground, 
are strongly suggestive of the presence of a southeast wardly dipping anticline, at 
the crest of which lies the thickest portion of the ore body. The narrower arms 
would then extend outward, and coincide with the dip and strike, as indicated on 
the sketch map. 

There is a striking resemblance between this ore l)ody and the so-called saddle 
reefs of Australia. 



94 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

Owners and operators have indulged in some speculation as to the probable con- 
nection of this ore body with that operated by the Homestake Company in 'Lead. 
The distance between the two is slightly over 7 miles. The strike of the Homestake 
ore body is approximately N. 34° W., and this, if extended, would pass a little less 
than 2 miles west of the Clover Leaf mine. The two mines may perhaps be situated 
on the same general zone of mineralization, but no conclusions regarding the v^lue 
of the intervening country can be based upon such speculation. 

The mine is singularly isolated from regions of igneous activity, the nearest 
outcrops of porphyry being about a mile distant. In the mine itself this rock 
is e^itirely absent. 

CHARACTER OF THE ORE. 

The gossan is a ledge of rusty, iron-stained quartz, much fractured and 
bearing, in hand specimens, no traces of a sedimentary origin. The inclosing rocks 
are chlorite, hornblende, graphitic schist, and mica-schists of endless variety. 
These likewise are much stained with iron. At greater depths, however, the rusty 
stains gradually give place to a heavy impregnation of pyrite, both in the quartz 
mass and in the inclosing schists. 

The gold in the quartz is free and almost iuvariably associated with galena. 
A specimen taken from the famous pay streak of the mine, which occurred in the 
thickest portion of the quartz body as it was followed downward to the south- 
east, shows a three-eighths inch streak of galena, in a matrix of milky white 
quartz. In this streak, and completely surrounded by galena, occur nugget-like 
and irregularly rounded masses of gold, some of them attaining a diameter of 
one-fourth of an inch. Throughout the entire quartz mass of these specimens are 
scattered isolated patches of galena, in Ihe center of which could generally be 
detected a small speck of gold. These smaller masses of gold frequently showed 
crystal faces. 

The average value of the ore js stated to have }>een from $40 to $400 to the 
ton, the silver cx)ntentfi being so small as to be generally disregarded; a fact 
which is rather singular in the presence of so much lead. 

COPPER ORK8. 

There have been found at several localities within the schist areas small deposits 
of copper. One of these is on the east side of City Oeek, near the crest of the hill 
north of Deadwood. The country rock is a black graphitic schist, in places highly 
silicified, and in the crevices of this schist occur thin films of native copper. They 
are scattered through the rock rather sparsely, and occur in patches without regu- 
larity, the copper having probably been reduced by the action of the graphite on 
copper- bearing solutions. 
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On the crest of the divide between Whitewood and Yellow Creek there is a 
small prospect in which the quartz-schists and laminated Algonkian quartzites are 
heavily stained with malachite and a little azurite. Patches of unaltered tetrahedrite 
also occur. The deposit is small and extremely local. Other areas of schistose 
rocks m the v icinity of Rochford and a few reported from the southern hills show 
quartz and sc^hists through which is scattered chalcopyrite mingled with pyrite. 
The average p)ercentage of copper is ver}^ low. 

As copper ore is used in the smelting of the refractory siliceous ores, later 
discussed, these deposits have given rise to some excitement, but none of them 
has yet proved to be of sufficiently high grade nor uniform occurrence to be profit- 
ably worked. If found in large enough bodies the concentration of the chalcopyrite 
might be carried on with some protit on account of the expense of importing copper 
ores, but as there is no definite knowledge as to the length of time that the refrac- 
tory siliceous ores will continue to be productive, the exploitation of copper deposits, 
unless in extremely large and uniform bodies, should be carried on with great 
caution. 

TIX ORES. 

Tin has been known to occur in the southern hills since 1876, when attention 
was tirst called to it by Richard Pearce, who had detected it in some gold dust sent 
him for examination; but its presence in the Nigger Hill district does not seem to 
have been appreciated until the discovery of tin at the Etta mine (originally a mica 
mine) in 1888. This discovery stimulated the search for other deposits, which 
resulted in several finds in the vicinity of Nigger Hill and Sand Creek and the pros- 
ecution of quite a little development work. The enormous expenditure of capital 
and the collapse of the tin enterprise in the southern hills, however, brought all 
operations for the exploitation of tin ores to an abrupt termination. Since that 
time but for a few inetfectual attempts to interest capital in these deposits little 
or no work of any kind has been attempted. At present writing, however, the 
writer is informed by Mr. W. S. Tangier Smith that there has been a renewal of 
activity in the prospecting in and about this northern district. 

In general. Nigger Hill comprises a central area of crystalline Algonkian rocks 
and intruded porphyries of probable Eocene age, from which the sedimentary' rocks 
of Cambrian, Silurian, and Carboniferous age dip away in all directions — a repetition 
in miniature of the main Black Hills uplift. For this general uplifted region the 
name Nigger Hill is frequently used; but more correctly applied, it indicates a 
slightly elevated ridge of limited areal extent situated between the headwaters of 
Sand Creek and Bear Gulch. It is on this ridge that the most extensive bodies of 
tin-bearing granite have been found. The country rock throughout the major 
portion of the Uplifted area is prophyry of Tertiary age, which has been intruded 
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into thr Al^onkian rocks in such extensive masses as to have left only small portions 
of them ex|H)se(l. Of these remaining portions perhaps about one-half is crystalline 
s(!hist, the other half being irregular, lenticular masses of a coarse, pegmatitic 
granite which is composed of feldspar (orthoclase or albite), muscovite, and quartz. 
IJoth gninite and scjhist, as well as the acidic types of poi-phyry, are cut by bask? 
dik#?*«. The granite inaHses trend in a general north-northwest direction. The 
l*rg#'^f if1 tht'tu Uhh )wam\ found on Nigger Hill. It is completely surrounded bv 
|>^/r|rf#yf» Mu^ uum*. in the nature of an inclusion in the intruded porphyry than a 
Uftiff^^iHf wi«*<i ill the Algonkian schists. The exact* form and character of this, as 
##r(| ft* i^m fH-hi'T granite masses, lias not been determined, for the countr\' is heavily 
fi^m^K^i Ify v^i^Hmtion and the mines at the time of examination were completely 

^$^ ^M^ftU^f^riU* iHuinrn in two^ forms: (1) In the pegmatitic granites and (2) as 
M$4'Mt4$^ h¥ \Am*Mf tin, which has been derived from them. 

\i4 ^4^ tifni t$$4HU* of o<rcurrence it is found in irregular grains, which range from 
^/f^' i<4gt4i* Up oim* httlf inch in diameter. The grains are most frequently without 
A'4)i444 ff$^'^*t '^'^ 'if'4'HHional large and fairly perfect crystals have been found. 
^th^'V i$4H M^l, fr«'^(M«'ntly eml>edded in the white feldspar which forms the major 
^^^Ht^m ffi lim fgrmthU'^ iiiatrix, but they also occur in those portions of the granite 
whi^i* r^m^ ^\uumi entirely of quartz and mica. No spodumene has yet been 
^A:j^/fU'4. tnd rdfUmihiU* iiiul tantalite have been detected both in the lode ores and 
W iiM-' Jeir*m4$^ iUr^ ^mn*. iouriimline and wolframite are also found. 

WUiU' U im* htH. tnuiu jKiHHible to form any very satisfactory idea as to the exact 
eimrt^'U-r iif ihfiut d«f|^miU, it si'cms probable that they were formed contemporane- 
i/ii*|y witU tJM' g^mtU^^ In which they occur. 

WUi'lUm Ui«^ im*M luny or may not be profitably worked is a question which 
only i'Xli?iii?iv«^ if%\tUn%iUpu will determine. The percentage of tin in the rock is 
isliml), pi'olmbly mti i*Ki'i*M\u^ 2 jwr cent,'' and the distribution of the cassiterite in 
tli<' lock jft extreini^ly irregular, so that a profitable exploitation at one time might 
reiiilil^ JM'i'onK* a lowing enteriirim* at another. If operated upon a small scale it is 
ixmr^iblc ihfit (hi'Hi* ore bodh^n may Im! suc^cessfull}- worked. 

STREAM TIN. 

The stnMim tin whi<'h occurs in some (juantity in the gulches in this region has 
o<ru»,ioned murli aiuioyance to the miners in their gold panning since the early seven- 
ties. I( was, as Doctor Caqienti^r describes, known as ''iron" until 1883. Many 
attempts have bet^n nuide to work these gravels and with some success, but no exten- 
sive shipriM-nts hav(^ Iw^en made. The tin occurs in siibangular fragments, which 

MHlHkr. W. I'.. Tmiiii. Am. Iii*t. MIn. Kng.. vol. 18. p. 091. (Carpenter, F. R.. Trans. Ami IiLst. Min. Kng., vol. 17, 
p. ftT'J o! H'n. Uvttt\i\vii, W. I'., Vnw. C^ilorado H<'1. Hoc., vol. 8. pp. 847-3.'i0. 
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range from an inch or more in size down to extremely minute grains. They are 
mingled with many small red garnets, pieces of columbite and tantalite, and minute 
crystals of topaz. The cassiterite rarely shows the dark reddish coating so fre- 
quently observed in stream tin, but it is generally in black shining fragments, which 
are only slightly rounded and bear evidence of having been transported to no great 
distance from their source. 

MISCELIiANEOUS DEPOSITS IX THE AL.GOXKIA^r ROCKS. 

At several localities within the productive mining region ores have been 
found which may be properh^ described with the Algonkian lodes. The}' occur 
partially in eruptive rocks and partially in brecciated material composed of 
schists and porphyry, while at times they form veins which pass from one 
rock into the other. At other points they pass from porphjn'v into Cambrian 
rocks. While none of these has yet attained any great importance, there are 
two that deserve special mention. The first is in Strawberry Gulch, where a 
number of small mines have l>een intermittently worked, among them the 
Hoodoo, Gilt Edge, Jupiter, Dakota Maid, and Union Hill. The oi'e genei-ally 
occurs in a decomposed porphyry in the form of thin auriferous limonite fillings 
of small fractures, or of impregnations in the adjacent rock. In general, these 
pass downward into unoxidized pyrite, while in a few cases sphalerite and 
galena have been reported. The porphyry mass in which these ores are found 
is extremely large and so irregularly intruded into the schists that its relations 
to them can not be readil}^ made out. Some of the ore obtained from the 
mines is reported to have been very rich, but it has so far })een too irregular 
in its occurrence to form the basis of extensive mining. 

The second locality where ore has been found in porphyry is at the Old 
Ironsides mine, near the mouth of Squaw Creek. Here there is exposed in the 
side of the creek a sheet of mica-diorite-porphyrv about 40 feet thick with beds 
of Cambrian rock both above and below. 

Through these rocks run a series of vertical fra(»tures, striking about N. 85^ E., 
along which silicification has occurred and from which telluride of gold has been 
introduced into the adjacent rock, often to considenible distiinces from a fracture. 
Some of the crystals of telluride (presumably sylvanite) are very large. 

The deposition has occurred chiefly in the diorite-porphyry, but also to a minor 
degree in the Cambrian rocks. At the surface, where the rocks are highly oxidized, 
gold may be seen along the fi-actures in the free condition. 

There are other places in which ore lias been found in eruptives, either as fillings 

of fissures or as impregnations, but they are not of any economic value. The 

eruptives, as a whole, however important they may have been in connection with the 

genesis of the ore bodies, have not themselves been the loci of considerable deposits. 

4987— No. 26-04 7 



CHAPTER II. 
ORE DEPOSITS IX TAMBRIAN ROCKS. 

The ore depo.-*it-< in Cainbrian rocks are second in importance only to those of 
the Algonkian. They have of late years prcxiuced heavily, and have closely approxi- 
mated the Homestake mine in their aggregate output. They may be subdivided 
as follows: 

[^7<>lfl-bearin^ conglomerateH. 
CtoM and silver Dres | Heinctory fliliceous ores. 

[Pyritoa*! oree. 
Tungsten (wolframite) ores. 
Lead and nlver ores. 

GOLD AXD SILVKR ORES. 

GOLD-BEARING CONGLOMERATES. 
GENERAL STATEMEST. 

At the base of the series of Cambrian strata, which lie unconformably upon 
the upturned metamorphic schists of the Algonkian, a conglomerate is usually 
present. It varies in thickness from a few inches to more than 30 feet. At a few 
localities it is entirely absent, but in general is so prominent a feature of the 
series that it has been recognized as a separate formation. Throughout the larger 
number of areas where the Cambrian strata yet remain uneroded this conglom- 
erate is characteristically about 3 or 4 feet thick and passes upward into a hard, dense 
quartzite that has a vertical range of fronl 15 to 30 feet, the conglomerate itself 
being often cemented by more or less indurated sandstone of a quartzitic nature. 
It is present in this development in the vicinity of Bald Mountain, Grarden, Wood- 
ville, and many other places. There are, however, two localities where it attains 
an unusual thickness. The first is know n as ' ' Cement Ridge," and is on the west side 
of Spearfish Canyon; the second is the region in and about Lead. In the latter 
locality only it is auriferous and has 3Melded large amounts of gold. The conglom- 
erate here has a thickness of from 2 to 30 feet and lies at the base of small outliers 
of Cambrian strata that remain upon the summits of divides. The region is one of 
prevailingly Algonkian rocks, into which streams have carve-^ deep and irregular 
98 
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gorges. The conglomerate is overlain by cross- bedded beach sands and quartzites, 
which are in turn conformably overlain by the higher members of the Cambrian 
series. It is underlain unconformably by metamorphic schists and slates. In these 
underlying Algonkian rocks is a great mineralized zone of relatively indurated 
character, which strikes approximately N. 34^ W. — almost parallel to the lamination 
of the schists. This zone was probably a reef in the old Cambrian sea at the time 
of the deposition of the conglomerates, as it offered more resistance to erosion 
than the encompassing schists on account of the hardness imparted to it by pre- 
Cambrian mineralization. Upon this zone are the workings of the Homestake, 
Father de Smet, Dead wood -Term, and Columbus mines, and about it are the 
productive portions of the auriferous basal conglomerates of the Cambrian. They 
are five in number; one, comprising the Durango and Harrison mines, is west of 
the Homestake lode near its southern extremity; the other four, east and north of it, 
include the Hawkeye, Monitor, Gold Finch-Gentle Annie group, the Bobtail Gulch 
groups, and a fifth mine on the divide between Deadwood and Blacktail gulches 
(see PI. VI, p. 214). The gold-bearing conglomerate occupies depressions in the old 
Algonkian surface, but thins out to nothing along the strike of the Homestake lode, 
where the higher measures of the Cambrian lap over onto the mineralized rocks of 
the Algonkian. A general downward inclination of the Algonkian surface toward 
the northeast also exists, but as this corresponds to a northeastward dip in the Cam- 
brian it is probably due to later distortion of the Algonkian surface. Beyond the 
limits of the area in which this thick, gold-bearing conglomerate occurs the basal 
Cambrian conglomerate becomes very thin and quartzitic. It is impossible to give 
the exact boundaries of its original extent on account of the dissected nature of 
the areas now remaining. Lithologically this auriferous conglomerate is formed of 
rounded waterworn pebbles of quartz or Algonkian quartzite with an intersprink- 
ling of schist fragments which seem to decrease in abundance as one proceeds 
farther from the Homestake lode. It may be at once distinguished from the non- 
gold-bearing portions of the basal conglomerate, as it is cemented by either oxide of 
iron in the weathered portions or by pyrite when it has not sufi'ered alteration. 
The nonauriferous conglomerate, on the other hand, has always a quartzitic, or in 
rare instances a slightly calcareous matrix. The pyritic cement occurs in all the 
productive areas except one, and as all degrees of oxidation are present it can be 
assumed that the matrix of all of the gold-bearing conglomerate was once pyrite. 

Much of the gold in the richest conglomerates is detrital, as proved by its water- 
worn condition and its concentration near the bed rock. This gold was derived 
undoubtedly from the erosion of auriferous lodes in the Algonkian rocks and was 
mechanically deposited in depressions along the old Algonkian shore line. Some of 
the gold was dissolved by ferric sulphate resulting from the oxidation of the pyrite, 
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and from tbi& aolxxtioa w^» reilepoi>ited in thin dlni;^ in the schists below. Tliisf has 
albo prodm:ed an enriehmenc of the lowermo^ layers of conglomerate. In addition 
to the^ it hi pois»ible that gold wa$ introduced with the pyrite that once formed a 
large portion of the matrix of the pebbles. To determine this, careful assajs were 
made in the only proiiuctive area now completelj accessible — that which includes the 
Gentle Annie. Monitor, (ytyld Finch, and Hawkeve mines. The mode of occurrence 
may be <$een in PL X\TL[ (p. il4). It was found that along definite lines in the 
center of the stopes there were values of from $5 to ^12 per ton in the con- 
glomerate, while at a distance of from 10 to I<M> feet from such lines the values 
sink to between *l and Jfc per ton. Iron-stained fractures are found in the roofs 
of these stopes. A possible inference is that the gold which has low and fairly 
uniform values distributed through the mass is of detrital origin, and that the 
additional values have been introduced into the conglomerate together with the pyrite 
along zones of fracture. This is rendered .<>till more probable by the fact that much 
of the gold does not yield to simple amalgamation, the c*ongiomerate being treated 
largely by the cyanide process. The intrtxluction of the pyrite was subsequent to 
the deposition of the conglomerates, since mineralization extends into fractures in 
the quartz pebbles. The pyrite Is probably a replacement of the original cementing 
material, which elsewhere consists of quartzose sands. 

IntruiHons of rhyolite cut the conglomerate in some places. They are much min- 
eralized with pyrite. which Is thought to be of post-intrusive origin. This would 
place the pyritii: mineralization subsequent to the rhyolite intrusion. 

These gold-bearing ot>uglome rates must have been either of ttuviatile or of 
littoral origin. All of the evidence is in favor of the latter view, for (I) the nx:ks 
immediately abt>ve the conglomerates contain marine fosMis and were unquestionably 
deposited in an extensive Cambrian sea; (!i) the area covered by the heavy conglom- 
erates is very small and quickly passes in all directions into regions where tiner 
material with marine shells shows that the condition^ weiv tuariiie; hence, a land 
surface sufficient to support a drainaige extensive enough to <ieposit such heavy 
conglomerate could hardly have existed; \o) cross-bedded sands and qiiartzites were 
dept>sited upon the ct.>nglomei"ates with perfect cnnforniity '^) that they are to be 
conM<lered as an integi*al part of a typically nuirine ^»ries; i4) couglomemte is absent 
from the outcrop of the Honiestake KkIc which uiu>t thci>'K»iv have projected above 
the old pre-Cambrian -surface; (5) si-hist trairuiciits, such us lould only have been 
preserved near the source froui which they urigiriuted, dcci-cHSi' in abundance as one 
pnjceeds out wart 1 fn:>ni the lloniostake lode. While, thetvfore, these were littoral 
deposits they were exceptional in that they weiv not uniforinlx de^H»sited along the 
shore, but were coiirtned to the vicinityNi»f the outcrop o( a lan^^e v.oK{ Uxle, and the 
detrital material from that Unle whs heUl in irrcirtilar depiv.'vMon.s in the ^uhniurine 
surface in its vicinity. 
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The points in whicii the views herein expressed differ from those of previous 
writers are: (1) The recognition of pyrite as once the matrix of these auriferous 
gravels; (2) the reference of a considerable portion of the contained gold to the 
action of mineralization long subsequent to this deposition. 

DETAILED DESCBIPTJOX, 
LITERATURE. 

In the only previous description of these basal conglomerates or ''fossil 
placers," as they have been termed, W. B. Devcreux" has described in a general 
way their geological occurrence and the manner in which the gold is present in 
them. Since gold-bearing conglomerates as features of strata of very early geo- 
logical periods have nowhere else been found, this paper has been widely quoted 
in many publications relating to mineral deposits. Since its publication many of 
these mines have been worked out and are now in most cases abandoned, so that 
they afford but poor facilities for investigation. In not a few cases, however, 
examination has been possible and several important features not observed by 
Devereux have been noted. Devereux's paper is too long for complete cita- 
tion at this point, but a short statement of the main facts and the conclusions 
deduced is given below. For further detail the reader is referred to the original. 

In the vicinity of the Homestake vein in the Black Hills are a series of 
detached areas of Cambrian strata with beds of conglomerate at the base and 
resting unconformably upon metamorphic schists, from which the materials 
requisite for the formation of the conglomerates have been derived. They 
consist of quartz, pebbles, and schist fragments, with frequent hematite bowlders, 
and are cemented by oxide of iron, but in some instances take on the chai*acter 
of a breccia. They contain gold and have been extensiveh^ mined, most of the 
productive deposits being found on the east side of the Homestake lode; a single 
deposit occurs on the west side. The Algonkian surface upon which they rest is 
slightly undulating and slopes awa}' from the Homestake lode in a northeasterly 
direction, at an angle of about 10^ and nearly perpendicular to the the strike of 
the Homestake lode, so that the Cambrian sediments form a wedge thinning out 
to nothing on top of the Homestake lode, where the cap of rhyolite comes in 
contact with the vein matter itself. This proves that the thinning was not due 
to subsequent erosion. Toward the enst this wedge-shaped mass becomes much 
thicker. A section (fig. 12) is given to illustrate this. The richest deposits were 
mined from the divide between Deadwood and Blacktail gulches. The gold was a 
mechanical deposit of water-worn scales and " shot" gold, richer near the base of 
the conglomemtes, so that only the lower 5 or 6 feet paid for milling and mining. 

a Trans. Am. Inst. Min. Eng., vol. 10. pp. 46^-475. 
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Local cfaaniieL« and depressicms io the Algonkian surface caused concentrations 
and enrichments, but the richest portions were sometimes found a little to one 
side of the center of depressions, as if caused by wave action. Alternations of 
rich and poor material occurred, due to currents. The gold was in a finer state 
of division than that in the Homestake vein and carried less silver; probably on 
account of the s^^Iution of silver by sea waters at the time of deposition and the 
solvent action of the ferruginous solutions that formed the matrix of iron oxides 
that cements the pebbles. Intrusions of porphyry produced heat that later 
assisted this solution. The proof of this is that the gold near the porphyr\^ was 
either completely dissolved out of the conglomerate or exhibited a pitted surface 
due to solvent action. The gold was almost always coated with a film of iron 
oxide. A further proof of the solvent action of the waters on the gold is that 
it is often chemically precipitated in thin, continuous films in the schists below the 
conglomerates. Placers of recent formation occurred in Deadwood and Blacktail 

gulches, and were 
formed by the disin- 
tegration of the fossil 
placers above and, 
with the exception of 
Blacktail Gulch, by 

M^SctHst ^^CtmvrtaMMS ^^j Porphyry ^^Pttsdmm additional aCCCSSioUS 

716. I2.*Appn>xi]ii*te geological aectioa from Homestake eastward. (After W. H. from the erOsion of 

the Homestake ledge. 
Cement gold yields 89 to 93 per cent extraction by free-milling methods. He 
then concludes as follows: 

^^ If we now endeavor to group together the facts noted above, it does not seem 
a difScult undertaking to form a history which shall give a rational account of the 
successive geological changes which took place. Firsts we have the proof that the 
gold grains and the contained gold were in existence, in much their present condition, 
prior to the Potsdam penod. Then, we have the Potsdam seas washing away the 
debris resulting from the disintegration of the quartz veins, and depo(>iting it in 
deeper water in accordance with its various specific gravities. At the ^ame time the 
gradual wave action earned the gold to the bed rock in the same manner that it is 
settled in a miner's pan. The Homestake vein, by reason of its greater durability, 
formed a reef or low island which never became deeply submerged. After a time 
these sediments became insular, and as such remained undisturbed, gradually becom- 
ing cemented into rock until the recent eruptions of porphyry took place causing 
intense local metaphonc action. The gold, which up to this time suflered perhaps 
loss in silver only, now became itself paitially dissolved wheiv the !>olvents were 
sufficiently jwwerful, and was again at lea>t piiitially piei-ipitated as thin tilm:^ in 
the :schist.> lielow. 

"''^Once moie a period of rest Oi*cu pied the time until the ei\)sivo action of fresh- 
water streams cut through the upix»i strata and U^gan to disiiite^frate the matrix of 
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the gold and afforded material for a new concentrating process. Disintegration and 
concenti'ation has been going on until now, when the hand of man has hastened the 
work of nature. 

''This gold from the conglomerate, which found its way down the slopes to the 
gradually lowering bottom of Deadwood Gulch, was joined with new supplies brought 
from the Homestake vein through lateral gulches, and the result was the great Dead- 
wood placer. That in Blacktail Gulch, however, received no new accession and 
remained a placer, which had I'oceived its gold entirely from the Potsdam sediment.'' 

The remainder of the paper is devoted to the refractor}' siliceous ores and does 
not concern the present discussion. 

lo<:ation. 

The area in which the auriferous conglomerates occur is a restricted one, 
embracing only a little over 2 square miles, extending from the southern edge of 
Lead northward to the northeast side of Blacktail Gulch. The accompanying map 
(PI. VI, p. 214) shows the location and extent of the area, also the distribution 
of the gold-bearing conglomerate. 

TOPOGKAPHY. 

After the erosion of the cover of Paleozoic sediments which formerly overlay 
the region streams trenched deep and irregular gorges into the schists, slates, and 
quartzites of the Algonkian. The deepest of these is the gorge, Deadwood Creek, 
which flows toward the east about a mile north of Lead and empties into Whitewood 
Creek at the city of Deadwood. Through Lead a parallel gulch of less depth, 
known as Gold Run Gulch, extends toward the town of Pluma, iifhere it empties 
into Whitewood Creek. Poorman Gulch is a transverse valley that runs northwest 
into Deadwood Gulch upon the west side of Lead. Blacktail, Sawpit, and Treasure 
gulches, join Deadwood Gulch from the northwest. Bobtail Gulch and a corre- 
sponding valley on the south side of the divide that intervenes between the two 
first-named streams empty into Deadwood Gulch and Gold Run Gulch, respectively. 

geology. 

ALT.OXKIAX. 

As the Algonkian rocks have been described in detail in the foregoing pages 
they will not be again referred to here except with reference to the Homestake 
ore body. 

The Homestake ore body consists of a series of broad lenticular masses of 
Algonkian rock in part silicified and impregnated with pyrite. It forms a broad 
band in the schists of an average width of 150 (?) feet and strikes about N. 34^ W., 
approximately following the schistosity of the Algonkian series. 

Taken as a whole this ore body forms a long zone that pitches in a general way 
toward the southeast and has, on account of the induration imparted to it by 
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mineralizatioD, been much more resistant to erosive action than the inclosing rocka. 
For this reason it probably formed at early geologic periods a prominent feature in 
the old pre-Cambrian surface. 

CAMBRIAN. 

Upon the crests of the Algonkian divides that separate the streams above 
described rest small detached areas of Cambrian strata. The pre-Cambrian surface 
was of an undulating (*haracter, and in the depressions of this surface lie the thickest 
and richest portions of the auriferous conglomerate. Passing vertically upward 
from the Algonkian the conglomerates are overlain by fine-grained, cross-bedded, 
and now consolidated beach sand containing many scales of mica, some argillaceous 
matter, and little, if any, carbonate of lime. These in turn pass into quartzite, often 
cross-bedded and containing subsidiary layers of conglomerate, none of which attain 
any considerable thickness. Still above the quartzite are beds of variable width, 
composed of a banded, somewhat impure dolomite of crystalline texture, now stained 
red and yellow by oxide of iron. Above this in turn lie argillaceous and often 
sliglitly glauconitic shales. Over the shales is a heavy cap of fine-grained rhyolite, 
wliich is often connected with dikes that extend upward from the Algonkian through 
the Cambrian. The regularity of sequence is interrupted by two disturbing condi- 
tions. First, the rhyolite cap often takes a slightly downward flexure so as to cut 
out much, if not all, of the Cambrian rocks; and, second, the higher portions of the 
pre-Caujbrian surface rise so that conglomerate, beach sand, quartzite, and finally 
dolomite and shales lap over onto the Algonkian measures. 

DISTRIBUTION OF THE CONGLOMERATE AREAS. 

( )u the divide west of the Homestake outcrop and between the heads of Poor- 
nmu mid (told liun gulches is a broad trident-shaped area of Cambrian strata with 
it^ [\\vvv [inuigs extending eastward along the tops of the ridges between Bobtail 
und Ihuucstake gulches. The northern arm lies above the De Smet cut, and its 
aMiiu'ctioM with the main area has been severed by erosion. The central arm is 
aquHHl by u remnant of rhyolite sill, mentioned above, the porphyry forming three 
olcvutcil linolls connected by a narrow ridge of the same rock. The Cambrian is 
lioto Norv thin, and tiie basal conglomerate is almost entirel}' absent, the dolomitic 
^liaKv^ bcin^" separated frcmi the schists l)y only a small 6-inch layer of pebbles. The 
soul hern arm is short and broad and is interrupted by a rhyolite sill and capped with 
a ivnuuuit uT (lie same rock. Th<»> rhyolite has been eroded from the main area with 
llio oxei'ption of two small outliers. Along the western edge of this area the con- 
j^UijuenUo is fiH»in 4 to i\ feet thick, but increases toward the southeast to 15 feet; 
I hence it pinches out ao that the dolomitic beds lap over onto the western side of the 
llouiestuke outcrop. At the head of Ilcmiestake Gulch the conglomerate is absent 
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except for a few inches scarcely worthy of mention. On the central arm the .con- 
glomerate is also absent. On the detached northern extremity, between Bobtail 
and Deadwood gulches, it is lacking in the immediate vicinity of the De Smet and 
Deadwood-Teri*a cuts, but appears just east of them, and thickens as it is followed in 
a northeasterl}' direction until it has attained a thickness of perhaps 20 feet. 

Another large area of Cambrian is that east of this and situated between Gold 
Run and Deadwood Gulch. At the western end, in the neighborhood of the Cale- 
donia cut, the conglomerate is absent, but it thickens to the east until about 400 feet 
from the Caledonia it has attained a maximum thickness of 8 or 12 feet. Eastwaixl 
from here the Algonkian surface rises slightly again, and the conglomerate, while 
present, becomes so interrupted by beds of quartzite and consolidated beach sand as 
to have afforded no workable deposits. The rhyolite cap is 150 feet thick between 
it and the Algonkian, but there is a considerable thickness of Cambrian. South 
of Gold Run is another exposure where conglomerate with a thickness of 8 feet 
has been found. North of Deadwood Gulch is a wedge-shaped area of Cambrian 
extending southeast onto the narrow divide between Deadwood and Blacktail 
gulches. The conglomerate here is upward of 30 feet thick, but is interrupted by 
quartzite beds at the east end of the divide. The Algonkian surface dips northeast 
and is lower in elevation than on the south side of the gulch by upward of 150 feet. 
In the head of Hidden Treasure Gulch the conglomerate is reported to have been 
very thick. On the north side of Blacktail Gulch the Algonkian surface slopes 
northeast, and 22 feet of conglomerate is here found considerably lower in elevation 
than that south of the gulch. An extensive sill of rhyolite, 350 feet in thickness, 
covers all of the country to the north and comes down to, and in places through, the 
conglomerate. 

' There are five localities at which auriferous conglomerate has been mined (PL VI). 
The onl}' deposit mined on the west side of the Homestake outcrop is that which lies 
just west of the poi-phyry knoll upon the southern arm of the Poorman Gulch area. 
There are here two mines, the Durango and the Harrison. The Durango is opened 
by a shaft which is ijorth of the Black Hills and Fort Pierre Railroad, and exposes 
15 feet of conglomerate lying upon the Algonkian schists. Pyrite forms the cement 
of portions of the conglomerate. Not far east of the Durango is the shaft of the 
Harrison mine, in which is also exposed 15 feet of gold-bearing conglomerate. The 
Algonkian rocks that underlie these deposits are reported to slope upward on the 
east, and the conglomerate itself, as exposed on the east side of Poorman Gulch, 
is much thinner, so that it is probable that this coarser material lies in a northwest- 
wardly trending depression in the Algonkian surface, parallel to the Homestake 
outcrop. 

The next deposit of conglomerate is that which lies east of the Caledonia cut and 
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upim i( there are three large mines — ^the Monitor^ at the head of the ^mall gulch 
vfaich connects with Bobtail; the Gentle Annie, at the head of a northwardly flowing 
^ream that join:^ Deadwood Creeks and the Hawkeve, which coniprL^es a large set 
\f{ workings on the southea^ side of the ridge. These mines have been operated 
upon a bed of conglomerate ranging from ± to li feet in thickness, and lying in 
irrejn^fau: chauneUlike depressions in the Algonkian, from which the rocks of that 
series rise sharply to the west and more gradually toward the east. The larger 
portioa of the conglomerate is cemented by pyrite. The Monitor workings com- 
prtsie large scopes^ often more than 100 feet in width, and sometimes over 12 feet in 
height. In the Gentle An uie mine a sill of porphyry underlies the greater portion 
of the congiomerate and gradually rises toward the south. The gold in these mines 
occurs along dednite lines and usually beneath an even bed of loosely compacted, 
slightly argillaceous sand. In the roof of the stopes many intersecting fractures 
can be observed^ but their directions were not accurately determined. 

The third productive area is situated upon the northeastwardly sloping 
Algookiaa surface of the divide between Bobtail Gulch and Deadwood Creek. In 
the vicinity of the Deadwood-Terra mine this conglomerate partakes of the nature of 
a breccia. It i> all of the oxidized variety and the pebbles are imbedded in a matrix 
of iron o.xides. It comprises three mines — the IVadwood-Terra mine* nearest to the 
Homestake ore body: the Duiega uiine^ lying to the northeast* and the Pinney open 
cue which has been exca\*ated from the very narrowest part of the divide upon a 
portion of the conglomerate which was exposed at the surface, but has now been 
contpietely removed. 

North of IVadwood Gulch* and on the divide between it and Biacktail Gulclu is 
the fourth and richest area of gold-bearing conglomerate. Upon this area there were 
operated three mines - the Baltimore and IV^adwoiHl vni the extrem*^ eastern end of 
the divide* the Esmeralda upon the north ^<ido a little to the west of the Baltimore 
aoii Deadwood. and the Hidden Ttvasun^ uiim* on the western edge of the area. 
None of tiiese mines is now accessible^ but the v.x>uglouiorate in the Midden Treasure 
mine lr> reported to have yielded extivmoly large amounts of gold. The Algonkian 
surface slopes upward gradually U.>wai\l the iKU*th west* and is re^K>rted to have tinally 
encountered a northeastwardly livudiu^^ vlst\ \vhich oulx vhu jill '?mt the upper 
mettjHxres of the Cambrian series. The ^.^ui^loaiomio »t this jvint is not now to be 
seen, but is reported as of gr\tit ihickiK^x^. 

The tifth area is on the north siilo ol' lUa^^ktail GuUh^ northca^i ot' the last 
named. It «.-omprtses the Minerva and the I Vadbivko uunox b^vai the tunnels of 
these two mines* which run northerly t*u*ui llu^ N4.>io k4 the hill x1o^h\ ihc Vlgonkian 
sur6ice >lupes sharply downward towa»\l llu^ usmUum^m Vi tho omi^nvN- tuv>>t of the 
conglomerate is cut off by a capping of ihxolUy wlui h v v»nu\s v\»u»|»U^iol> vk>^u to the 



GOLD-BEARING CONGLOMERATES. 107 

Algonkian, but it thickens to more than 22 feet at the northern end of the mines, 
about 600 feet northeast from the entrance. Part of the conglomerate in the 
Minerva mine is still in an unoxidized or pyritic condition, but the larger portion 
of it is cemented by iron oxides. 

Of these five productive areas the richest was that upon the divide between 
Deadwood and Blacktail gulches. Some of the conglomerates taken from there, 
according to Devereux, yielded $50 per ton.** Ore from the Pinney open cut, on the 
divide between Bobtail and Deadwood gulches, is also reported to have been very 
rich, and likewise some of that taken from the Deadwood-Terra mine. That from 
the area east of the Caledonia open cut was characteristically lower in gold contents. 
That on the northeast side of Blacktail Gulch does not, as a rule, yield more than $4 
per ton, while in the Durango, on the west side of the Homeetake vein, it is also of 
low grade. 

LITHOLOGICAL COMPOSITION. 

The gold-bearing conglomerate is composed, as stated by Devereux, of the 
debris derived from the disintegration of the Algonkian rocks. Rounded, water- 
worn bowlders and pebbles of quartz and laminated quartzite are the most common, 
and range in size from one-half of an inch to 1 foot in diameter. The larger ones 
are not very frequent, and a fair average size for the majority of pebbles is probably 
from li to 3 inches. Many smaller and many larger ones occur, but they are insig- 
nificant in number. Fragments of schist, often 3 or 4 inches in length and more or 
less rounded, occur intermingled with the other pebbles, but they are not abundant. 
They occur with greater frequency in the Omega and Hawkeye-Pluma mines than 
in the Deadbroke and Minerva — that is, they are in greater numbers near the old 
shore line from which they were derived. Devereux mentions many pebbles and 
bowlders of hematite, but none were observed b}' the writer. Between the pebbles 
and schist fragments are many small, rounded grains of waterworn sand, scales of 
mica, and smaller pebbles. The whole is cemented together by material which, in 
the gold-bearing areas, is in large part either pyrite or iron-oxide, while the non- 
gold-be&ring portions are cemented by a quartzitic matrix. 

PYRITIC CONGLOMERATE. 

When the matrix is pyritous the conglomerate is extremely tough and breaks 
with difficulty. The spaces between the pebbles are often incompletely filled, so 
that cavities are left in the pyrite with their interiors coated with drusy crystals 
of the same mineral. Such cavities as this are frequentl}'^ encountered in mineral 
deposits formed b}' the replacement of one mineral by another where the aggregate 
volume of the material introduced is less than that removed. They may be considered 
an important proof of replacement action. Extensive bodies of this pyritic con- 

a Trans. Am. Inst. Min. Eng., vol. 10, p. 468. 



^^N^^/jv^ >l,^>*^ *lK^^ ^ \V«miaKX »JkOL ^»^-'< 










?*»fc ^w. -v*. -- •' -■>» ^-* ^ 



-^* \ 

^ *"^*"^ 






« ^«5»v. ^ V •^. 




GOLD-pEARING CONGLOMERATES. 109 

pyrite, and such is in accord with recent investigations by Dr. H. N. Stokes. As 
will be later apparent, these sulphur-iron compounds have an important bearing 
upon the solution and reprecipitation of a portion of the gold. 

THE CONTAINED GOLD. 

The gold is known to occur in two conditions: detrital gold and chemically 
reprecipitated gold; in addition much of it may have been introduced with pyrite. 

MECHANICALLY DEPOSITED GOLD. 

Apparently the detrital gold was in the early developments the most important 
source of value in the ores. Of it Devereux remarks:'' ''The gold had all the 
characteristics of 'placer' gold and was generally what is called 'shot' gold, or 
smooth, rounded grains slightly flattened. I observed one nugget of nearly 3 
pennyweights in weight.'' 

The writer has noted occurrences in which gold, such as that described, was 
found in considerable quantity. A nugget of about the size of the one men- 
tioned was seen embedded in the iron-oxide cement. It is well rounded and 
nearly one-half inch in diameter, and is of undoubted detrital origin. Many fine 
scales, showing the characters of waterworn gold, may be seen in addition to the 
coarser grains. As a rule, gold can not l^e seen in the conglomerate either in 
the sulphide or oxidized variety without the aid of panning. The distribution of 
this detrital gold through the conglomerate is dependent on two conditions: First, 
that of specific gravity; second, that of the alternations of rich and poor materials 
due to varying conditions of deposition. The gold occurred largely near the bottom 
of the conglomerate and not far from it^ contact with the schists. "In general," 
says Devereux, "only 5 or 6 feet in thickness will pay for mining and milling." 
It is usually distributed more thickly at the bottoms of the stopes immediately over- 
lying the slates. Devereux remarks:*' 

"In general where conditions had been such as to allow the subsidence of other 
materials of high specific gravity the gold was most abundant, ordinaril}' with large 
quartz bowlders or with pebbles of hematite. The latter were seldom found without 
gold being attached to them, the pebbles themselves having a smooth polished surface. 
In general, the position of the gold was always such as to point to its great specific 
gravity as the locating cause and not to solution or precipitation. In fact, the many 
curious positions in which I observed the gold were such that no satisfactory expla- 
nation could be found except the one noted al>ove. Upon one quartz bowlder, which 
had lain directly upon the schists, I found, after removing the decomposed talc from 
the bottom, that grains of gold of almost exactly the same size were arranged in 
ribbon-like layers in such quantity that half an ounce could probably have been cov- 
ered by the hand. Each grain of gold is generalh^ covered with a thin coating of 
oxide of iron, which needs a blow to loosen it." 



"Trans. Am. Inst. Min. Eng.. vol. 10. p. 469. 
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pyrite seems probable, but is hardly susceptible of definite proof. The facts 
bearing upon this point are as follows: In the Hawke3^e-Pluma mine there is a 
stope 500 feet long in which large pillars have been left to support the roof. 
The conglomeiTite is from 5 to 8 feet thick and is largeh- oxidized, but passes 
into the pyritic variety at the north end. A series of assays made in this stope 
showed values of about $6 to $8 per ton confined almost entirely to the pillars, but 
no values in the sides of the stopes higher than $2 per ton, although in many 
instances there was little change in the character of the conglomerate. Two other 
stopes in this mine showed the same phenomenon. Fractures, stained with iron 
and somewhat silicitied, occur in the sandy material that forms the roof. In this 
case the rock is richer where the pyrite is most abundant -that is, along the medial 
lines which appear to be lines of fracturing and hence channels for the admission 
of solutions. Unfortunately, it does not seem possible to determine what propor- 
tion of gold in the pyritic conglomerate is detrital or was there before the pyrite 
was introduced. There is also a possibility that some of the gold in the lower 
and unoxidized portions ma}^ be reprecipitated gold resulting from secondary 
concentration. 

REFRACTORY SILICEOUS ORES. 
GENERAL STATEMENT. 

Of all the ores occurring in rocks of later age than the Algonkian the refrac- 
tory siliceous ores have thus far been the most important factor in the gold pro- 
duction of the northern Black Hills. Their yield has increased rapidly and is now 
equal to about two-thirds of the output of the Homestake mine. They exhibit a 
very marked uniformity in occurrence and may be considered to be of rather 
unique character. 

These ores have been variously termed ''Potsdam gold ores" ^and ''Siliceous 
ores," the latter name having prevailed more widely than the other in mining and 
geological circles. Of these the name ''Siliceous ores " alone, based upon the minera- 
logical composition of the pre, is inapt, as it does not serve to distinguish the ores 
from others whose chamcteristic quartzose gangue is unaccompanied by refi-actory 
character. Again, the term ''Potsdam" is to be excluded, because the Cambrian 
rocks of the Black Hills region have been recently proved to belong to an age earlier 
than the Potsdam. The term "refractory" is open to the least objection, in that 
amalgamation has proved uniformly unsatisfactory in the treatment of this class of 
ores. It does not, however, serve to exclude those ores of a more basic composi- 
tion which are of frequent occurrence. For the purposes of this paper, then, the 
term "refractory siliceous ores" has been adopted as expressive of the most strik- 
ing features of the ores and as least at variance with the names now in use. 

a Trans. Am. Inst. Min. Eng., vol. 27, 1897, pp. 404, 428. 
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The 'infif are wiitet^ <i&*crTbafied oner a hcrwd. irregular belt extending from 
Ttiilow ♦Jr»wk ')a the ^oodieart t»> Sqimw Creek on the northwesit. This belt 
ineindes iv«^ prrjtnurciv^ :irettc<w which hi^re been ^vermllj designated «:» the Bald 
lL>iuiBiai :ftr*nu Lead itrea^ Y«*Ui>w- Creek area. Gardea area. &n«i Sqoaw Creek 
ansa. ^±e la^c namtfil being little more than a prKpect ' and situated at the jnnetioa 
ot S4aaw tuai :^peartis«h creeksw^ 

The on? i> ao •^xrremelT faanL britde rock. compov<ed largeiv of ^^^eondanr 
:alii3^ Jka%i carrying, when ani>xidiawd« pjrite. 1li]i>rtte« and other accesfsorr min- 
ecilts. It oceur^ in tiac baoded nukstwsw in which the bantling i:^ continoocL!^ 
with the bedding pianei^ of the adj«Mning r*trata. The^^ nukk?er^ poHt>ese a regular, 
efaannel-iike ftjmi and tuUow zooe> of fracture that vary in their general directioo 
in the -iiifereiic 'iiscrk'CiJw but have a verr uniform trend in any !«ingle productive 
area. 

These i:faanneMike ore bodiet:^ are known a:* *'>hoofc?~ and have a width of 
fnjm a few inches to. iu rare inscance^v '-^^^ feet. The length i:^ in all caz«es inanv 
cinu^ greater than the breadth, and in one ins^tam-e reache;> nearlv three-fourths 
of a mile. The vertical dimensions vary from a few inches to a nmYimnm of IS 
feec The average thickue;-^ is about ♦> feet. The channels generally follow 
either single zones ot fracture, which are parallel to their longer •iiameters. or 
broad areas of parallel or iuterssectiug fracture. A ^eri*^ ot typical onjse? !?ecti0ns» 
of these ore shoots may J.h? seen iu PL XI ip. il4». 

The country rock iu >*hich the ore o%.vurs is a dolomitic limestone of line- 
^Trained crystalline texture ami varying^ like the ore. in its degree «»f oxidation. 
It is termed "siud rvvk" by the miaers. In its tresh vvuditiou it is a dense, 
sjmy. orvstalliue rv^vk blowing iuuumcrable small cleavage fiuv^ of dolomite and 
j^euerallv interrupted by J»aiKts of gr\»i*uixh bUu^k >vhalc of varying width. When 
oxidized it has a dtvj.>-reil ».vlor* but piVv^^^iits the >aaic si:listeuiiig fat.vts. while 
with verv advauce\i alteratiou il pnsMvs i»iU» h tW* t^arlUx maU'riai lermeii ••irouge.'* 
LX>lomite beds of this chai'»i*tcr haxc >ii» far invn t\»uiKl u> vvutaiu v*r»* 'KKiie^ at 
two positions in tiie V'auibrian M^icx; iho tirxi iH^iiit^ lnuiicvii;iiri\ ..»\»:*r the 'msal 
qiiartzite. t'rv>m l-"» t«.> ilo ftvl aU>\c ibc Vlj^vMikiun ^chiNlN, toul kru^wn as the Mower 
contact." The stw>nd i> tivai IS t\» ;U^ Uvi U^U»\\ lUo \.i ; Vma, or ^'-^-Hil***! •"\%nr?ii- 
eaten" sandstone that torniN the lv*j» v»l llu^ Vunituian hxh^a, .»iki 's ttnm'd tht* 
••upper contact." iHhcr ^k\In v»l Uolonnlc »HvUi >^i mu i \*Miih;^ U'\r;>. tMu aav»- 

where the Cleoptttm Tuino SNimausl. •;-» xh.'v^u lo iiav^ '.li^u*. ^ x m »...»• ....... ,....1.. . ..„ , ., ,,...,. ^.,^^,1 .,j^ 
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produced a little ore at some few localities. They have been but little prospected; 
more extensive exploration may show them to be frequently mineralized. 

The beds that form the roof of the ore are generally shales of a more or less 
impervious character, or not infrequently sills of eruptive rock. 

The floor upon which the ore rests is sometimes the basal Cambrian quartzite, 
but in many cases varying thicknesses of dolomite intervene between it and the ore. 
In such cases the widest portion of the shoot is directly beneath the impervious rock 
of the roof, the solutions having spread out and replaced the dolomite to the greatest 
distance along the under surface of the rock which checked their upward progress. 
In a few instances the ore lies on a floor of eruptive rock. On the upper contact 
the floor is either dolomite or shale. 

The grade of the ore is different for the separate productive districts. For 
the main or Bald Mountain area and for the Grarden area the average yield is 
about $17 per ton; for the Lead and Yellow Creek areas it is possibly $45. 

The ores are mainly ores of gold, but occasionally carry quite high values in 
silver. 

DETAILED DESCRIPTION. 

LITERATURE. 

With three exceptions the literature relating to the refractory ores is of a 
very fragmentary character, such reference as is made to them being only incidental. 
The first of the three exceptions referred to is a paper by W. B. Devereux,^ entitled 
'^The occurrence of Gold in the Potsdam Formation, Black Hills, South Dakota." 
This paper is mainly concerned with the auriferous conglomerates described in the 
foregoing pages, but includes a brief discussion of these ores, at that time but 
little developed and less understood. In this paper occurs the following description: 

u ♦ * * jSeveral miles distant gold occurs in the same formation in considerable 
quantity, and with such characteristics as to justify its being classed as a chemical 
constituent. 

"This locality is known as Bald Mountain, and comprises an elevated area of 
several square miles, through which quite an extensive mineralization has taken place. 
The same geological features are here met with that I have already described; a base 
of schists, upon which are typical quartzites, from which the sedimentary character 
has been almost obliterated by metamorphic action. These are penetrated in every 
direction by porphyritic dikes, the overflow from which has, in places, formed high 
peaks. There is generally a small stratum of conglomerate next to the schist, but 
the sediments were generally quite fine. Through the area mentioned ores of gold 
and silver are quite common, although I do not know that their treatment has proved 
to be a financial success. The ores seem to be impregnations, and not confined to 
veins with well-defined walls. In fact, true vein quartz is rare, and I am not sure 

a Trans. Am. Inst. Min. Eng., vol. 10, 1882, pp. 465-476. 
4987— No. 2^-04 8 
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cfaac [ hfkVfi ^een anj. ftkhoagh ^Kme of the ^oArtzice woaki he taken for qoartz if 
exumim^d withocit a kii«DwU»dge of it* ownirrence. The silver occurs a> chloride, more 
rmn^ly ruinv<». aa«i L* i^nJined to snudl &»are:9 in the rock. Cof^r ?tain L> mLaO 
«Himm«>n- «'jroId «>?i?ur* native, hat in so fine a state as to be ^tdom vi^iWe. I have 
fUitic***! it as a Hr>^ni sp*>fige in ♦.^avities in the r|iiartzite. ani with n«> metallic appear- 
ani> nnril <i>mpre:?r-ed with a knife, when it immediately assumed the loiter and color 
of •£'jIL The*^ i-avitie> are very «.n>ciuD«xi in the qoartzite and are generally lined 
wtth '|i;artz rrj<skL*, 

" The rati* J «>f ;iolii to -silver i'i variable, and range:^ from a small pen.'entage of 
the tijtal value Uj hsilf . Continaoas bodies of rich ore seem to be rare, although speei- 
nir-ri'* *^vin'^ hitrh a.-«?ays 4.'an easily be obtained. Fnxn it* appeanin«?e the sponge 
goi'i ie^ri^ieii *hoaId be nearly pare, but I have never been able tt» test it. At the 
time of my observatioas. which was several yeari ago. thedevelopoient'? through the 
r«»^*«»n were very limited, and I was unable to form conclusive opinions regarding 
the charad'ter of the>e deposits. Certain facts ^s^eemed to be pointed out: First, that 
the metallic o>astituents ?eemed to be segregated along i^rtain strata thn:»ugh which 
th*rre -eemed to have been les«^ resistance to the passage i»f the mineral solutions; 
sei.-i>oiiiIy. that in these planes there is a concentration along certain vertical planes, 
which planes are contacts of the quartzite with porphyry dikes. Almor^t all of the 
opening'^ showing ore cv>nform to these two tt>nditioas. I have !*ampled portions of 
decompiDsed porphyry which were very rich in silver, and gold or >ilver seemed to 
be foand in almoi>t every opening made along a certain plane within certain limits. 
I have also examined these dikes below the conta^-t of the quartzite and the schist, 
an«] found them, to a certain extent, lines of mineral segregation. It, therefore, 
deenL> doubtful whether the minerals came from below, or were derived by segrega- 
tion from the ^ediments themselves. I am inclined to think that both causes were in 
operation. In one plaice we found that the lower sedimentary stratum was highly 
char^red with oxide of irvm. and that a sample gave over twenty dollars in gokl per 
ton. although it was so tine that no gi>ld i\>uld be obtained in the pan, an almost 
universal chank'terislic of th^v^eores^ and one which liars the use of the simple stamp 
mill without amalgamating turns for rviiuctiiHu" 

In this statement lX»vereux has emUxlitMl two very impi.>rtant facts: First, 
these ures ociHir in i^'rtain well-vietiiMHl UhIs^ and. s^hxhkI. they follow definite 
vertical planes or directions. In s\» far as ho i^>nntvts thi^iie vertical planes or 
directions with porphyry dikes the evideniH^ dinvs not supjK^rt bis assumption, 
nor does the ore usually iHvur in qnartJfiito, K\irthonuoiv. the instances in which 
native gold is found have pnwtnl to l^^ vorv oxccptioimU an\l only ^nie or two 
very doubtful occurrenct*s have i^nuo to (ho obNovxutiou o( tho writer. ' The fact 
that the ores are difficult to tivat Iuim siuoo U^ou Oiou);'ht lo U^ due in part to 
the combination of the gold with toUurhun u*« woll \\h [w its \orY fine state of 
division. Chloride of silver has Uhhi ro|H»rUnl twww u \on fow v>f the siliceous 



o In the Hidden Fortune mine, north oi Le^d, uhUno K^^tdmA-uix U\ hk\'*\\ itluiuduuw lu vluoiv. Nil *hv vvndiclonii 
here may be coasidered somewhat exceptiouAl. m^ thnt \Uv MU»\it »iul«MUi>m u tu \ umu< u^ ull \ahvi \«vvurtvuoe». 
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ore bodies with relatively high silver content, but is an extremely rare constituent 
of these ores. 

The second paper relatintr to these ore bodies is that b}' F. K. Cai'penter, and is 
entitled '*Ore Deposits of the Black Hills of Dakota."'' Under the he^iding "Contact 
deposits'' Carpenter describes the ores as replacements by silica and pyrite of the 
limv portions of the* country rock, which he describes as sandstone or quartzite. 
He draws attention to the fact that they are in no sense due to the filling of 
preexisting cavities, and further states that gold is more widely developed in the 
lower, and silver in the upper, strata of the Cambrian. 

The eruptive rocks are considered as of earlier age than the ore deposition. 
The ores are described as intimately associated with the igneous intrusions to which 
he considers they owe their origin, and he believes that the refmctory ores will be 
found coextensive with the distribution of the intrusives throughout the Cambrian 
rocks. 

The conclusions of Carpenter in regard to replacement, as well as other of the 
essential features of this paper, have been confirmed by recent investigation, but 
certain modifications have been suggested })y studies of the writer. The cases in 
which the siliceous ores are mineralized quartzite are confined to a few localities 
where the latter rocks contain unusual amounts of carbonate of lime. The 
majority are undoubtedly mineralized dolomite which, in some cases, contains 
sufficient quantities of sandy material to be termed a calcareous sandstone, but it 
is rather important to recognize that the original country rock before mineralization 
was a limestone, and that the grade of the ore has been, lowered in the same propor- 
tion that it was contaminated )>y sandy or shaly material. Some confusion seems 
to have existed on this point in the minds of most early writers. 

As regards the relation of ore bodies to eruptives, it is quite true that they 
occur only in the vicinity of the latter and are of later introduction, but that 
the ores are the effect, and the eruptives the cause, has not been demonstrated. 

The third and most recent discussion of these ores is in a paper b}^ F. C. 
Smith,* entitled "The Potsdam gold ores of the Black Hills of South Dakota." 
Parts of this paper have ))een (juoted in full in the following pages. 

Professor Smith discusses the geolog}^ of the siliceous ores of what he terms 
the "northern connected district,'' an area that includes the Bald Mountain area 
of his paper, but omits the Yellow Creek, Lead, and Grarden areas. He then 
adds a discussion of the ores, of which the following is a short digest: 

The Potsdam ores are "thoroughly reorganized sandstones showing, under the 
microscope, many druses lined with innumerable quartz crystals, and containing 

rt Trans. Am. Inst. Min. Eng., vol. 17, 1889, pp. 582-588. 
b Ibid., vol. 27, 1897, pp. 420 et seq. 
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cmlcite and fluorite.'' He divides them into blue or unoxidized and red or oxidized 
ores, giving analyses to prove the origin of the latter from the former, and states 
that both varieties are ^^verj brittle and hard to break or pulverize.'' He finds 
by many careful analyses tellurium and gold and silver in quantities requisite 
for the formation of tellurides. There are two ore-bearing beds or horizons. In 
discussing the origin he says the ^^mineralization is undoubted!}* referable to the 
igneous action, which is so strongly marked in their vicinity." This connection 
he describes in detail as follows: '^Wherever mineralization of the Potsdam beds 
has occurred it can always be traced to a quartz-porphyry or rhyolite dike or 
* vertical,' which itself is usually mineralized, stained with oxide of iron, and so 
much broken and decomposed that its rock character is distinguishable with 
difficulty." He then further discusses the influence of the intrusives and adds 
certain conclusions which, as they do not bear directly on the question at issue, 
are here omitted. 

Professor Smith's descriptions and conclusions as to the character of the ore 
have been fully borne out by later investigation, and it seems probable that the 
refractory character of the ores is in part due, as he supposes, to the combination 
of the gold with tellurium. The ores are not, however, "thoroughly reorganized 
sandstones" except in so far as the replaced dolomite has shown locally a slightly 
sandy character. His statement as to the relation of ores to the eruptives is also 
incorrect, since the so-called "verticals" are fractures, not decomposed dikes. 

An additional discussion of these ores was published by the writer^ just 
prior to the year in which • the field work for this paper was completed, but as 
the results there set forth are largely embodied in this paper they will not be 
further discussed. 

HISTOKY AND DEVELOPMENT. 

The following brief history of the ores is found in Professor Smith's paper* 
and is quoted in full: 

"The history of the Potsdam ores commences in 1877, when Mr. A. J. Smith, of 
Portland, S. Dak., located the Empire mine on Green Mountain and later the Trojan, 
Perseverance, and Indispensable in the same vicinity. In 1879 the first engine was 
erected to supply power for the treatment of these ores. With it an arrastre was run 
upon ores from the Empire mine averaging about $35 per ton. The saving in 
precious metals was little or nothing, and the attempt was discontinued after about 
two months. In 1880 the Portland Mining Company, owning the Portland, Gustavus, 
and Pilgrim mining claims, built a mill (which still stands idle near the old town of 
Portland) for the treatment of these ores hy pan amalgamation; later this company 
purchased the Empire, Trojan, IndiHi)ensabh», Perseverance, Folger. and Olive 

a Ann. New York Acad. Hrl., vf)I. 12, pp. 'Ml-Ml. 
6 Trans. Am. Innt. Mln. Kiik., vol. '/7. pp. 420-422. 
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claims. Pan amalgamation saved about 50 per cent of the silver and 30 per cent of 
the gold, and various other processes, such as "free milling," kiln roasting; chlori- 
nation, and cyanide lixiviation were tried without success. In 1883 the Welcome 
Mining Compan}^ passed through a similar history of unfortunate metallurgical 
experiment upon their property near the head of Fantail Gulch. In 1886 the Buxton 
mill was built by the Buxton Mining Company, and experiments made there by Mr. 
O. P. Ankeny, by the use of bromine, seemed to have stopped just short of success, 
probably on account of disadvantages which at the present date would not surround 
the experiment. About this time the siliceous ores were successfully treated by the 
Plattner process in the metallurgical department of the School of Mines. In 1889 the 
Golden Reward Gold Mining Company erected a plant in Deadwood for the treat- 
ment of the Potsdam ores by barrel chlorination, commencing in April, 1891, with a 
capacity of 50 tons per day. In 1890 the Deadwood and Delaware Smelting Com- 
pany built the small experimental smelting plant in Deadwood which has since grown 
so IsLVgely. Two years later, or in 1892, a small cyanide plant was erected in Dead- 
wood by the Black Hills Gold and Extraction Company, and in November, 1895, the 
Kildonan Milling Company started chlorination works at Pluma, S. Dak. (a short 
distance from Deadwood), with a capacit}^ of about 75 tons per day. 

*' During the time from the first disastrous attempts at the treatment of the Pots- 
dam ores until more skillful experiment had firmly established the Deadwood and 
Delaware and the Golden Reward plants, although considerable amounts of ore were 
shipped outside of the Black Hills for treatment, the fact that ores of less value than 
about $30 per ton could not be mined and shipped with any profit, together with 
a superstitious feeling that there was something ''uncanny" about these ores and 
that they could not be treated successfully, prevented an active development of 
the Potsdam ore bodies. Only within the last three years have the old conditions 
been changed, and miners can now generally obtain a profit from ores carrying $15 
per ton. Naturally the earlier mines in the Potsdam ore bodies were located where 
the Potsdam rocks were easiest of attack, in the vicinity of Green and Bald moun- 
tains and to the east of Terrys Peak in Nevada, Fantail, and Whitetail gulches. In 
these localities the three large companies which handle the Potsdam ores (the Dead- 
wood and Delaware, Golden Reward, and Horseshoe) own and operate a large number 
of very valuable mines, and smaller companies and individual owners hold the 
remainder." 

PRODUCTION. 

The obtainable data on the production of these ores are of the most meager 
description. The report of the State mine inspector for the year 1897 gives the 
following: 

Production of sUiceoxis ore in northern Black Hills. 

Golden Reward 1682,205.32 

Deadwood and Delaware 504, 000. 00 

Horseshoe 304, 500. 00 

Bonanza 134,561.24 

Wasp No. 2 •... 182,845.12 
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Dividend $83,017.54 

Clinton and AshlaiMl 60,380.09 

Carrol Group 50,000.00 

Harrison 41,106.80 

Little Blue 52,000.00 

Wasp Mining Company 4, 500. 00 

Wasp No. 4 1,200.00 

Rua 20,000.00 

Balmoral 16,821.38 

Buxton 10,997.71 

EvaH i 12,000.00 

Yellow Creek Gold Mining Company 24, 152. 38 

Total 2,164,287.58 

As the total gold output of the Black Hills for the same year is given as 
$5,631,237, it will be seen that the siliceous ore production for that year was 
about two-thirds that of the Algonkian ores. Since this report it has steadily 
increased. 

CHARACTER AND POSITION OF THE BEDS IN WHICH THE ORE OCCURS. 

PHYHICAL CnAR.UTER. 

The rock in which the refractory siliceous ore occurs is a crystalline magne- 
sian limestone or dolomite. It forms beds of variable thickness at ditferent 
positions in the Cambrian series, and is known among the miners as *\sand rock.'" 

Macroscopic appearance, — In its fresh and completely unaltered condition it 
is a dense, massive rock of light bluish-gray color, consisting chiefly of an aggre- 
gate of small glistening grains of lime-magnesium carlx)nato, among which are 
scattered minute masses or crystals of pyrite. Little irregular flecks of glauco- 
nite often give it a greenish tinge, but they are rarely present in sufficient 
abundance to become a conspicuous feature. Alternating with the beds of this 
dense, marble-like rock is dark, greenish-black shale, which is arnuiged sometimes 
in even, parallel bands, and sometimes in extrenu^ly irregular or distorted {mtches. 
In some places these shale bands are so nearly absi^nt that the rock resembles 
a tine-grained homogeneous marble with thin lines or traciNs of shale in just suffi- 
cient amount to bring out the stmtitied nature of the rock. In otlu»r caj^es the 
shale beds are nmch thicker and not infre(iuently occur in such abundance that 
the strata partake more of the nature of highly doloniiti^* shale than of crystal- 
line limestone. x\ll gradations exist between these two (extremes, but the pre- 
vailing occurrence is where the dolomitic beds are in the ))rei)onderance. The 
shale bands are then extremely thin and at varying distances from one another. 
They often exhibit a very marked cross bedding and biing out clearly the sedi- 
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mentary origin of the rock. Regularity of banding is, however, rarely continuous, 
for it is interrupted by crushed and contorted layers, by irregularly distributed 
little faults, and often by a confused brecciated structure. These brecciated 
structures beconie at times very pronounced, so that the stratification is com- 
pletely obliterated, and the broken fragments are often rounded in such a way 
as to give to the rock the appearance of a conglomerate. 

Microscopic appearance. — Under the microscope the ore-bearing rock, or 
dolomite, is seen to be of two different varieties:. (1) An aggregate of inter- 
locking anhedra^ of dolomite, none of them possessing crvstalline boundaries; 
and (2) an aggregate composed of rhombs of dolomite, all of them complete 
crystal individuals. 

Dolomite of the first variety is composed of an aggregate of anhedra of 
dolomite impinging upon one another with extremelv irregular boundaries. 
Among these are scattered irregular rounded grains of quartz, masses or crystals 
of pyrite in the unoxidized varieties, minute specks of magnetite, iiTegular 
patches of green glauconite, and an occasional mass of calcite. The main body 
of the rock is made up of the dolomite. It clearly shows rhombohedml cleavage, 
but never, even when strained, is there twin lamellation. Calcite when present 
can be readily distinguished from it by this means. The rounded grains of 
quartz show all the attributes of detrital material, and probably remain as they 
were prior to the marbleization of the rock. They sometimes occur in great 
abundance. In the specimen taken from the Two Johns mine, the}' are segre- 
gated into definite layers where they formed almost 50 per cent of the rock. As 
a rule they are, however, much less frequent in their occurrence and at times 
are completely absent. The magnetite occurs in such exceedingly minute masses 
that it can with difficulty be recognized, (jlauconite is present generallv in a 
small quantity. It forms irregularly rounded masses of considerable size, show- 
ing the usual aggregjite polarization, and almost invariabh' in a very fresh con- 
dition. In one or two of the most highly oxidized specimens it shows signs of 
decomposition. The pyrite is absent from oxidized si>ecimens, in which the iron 
content is a limonite distributed along interstices between individuals of carbon- 
ate and along the cleavage cracks of the same mineral. The aggregate amount 
of iron is probably insignificant, although the rock is often very deeply stained 
with iron oxide. In some specimens, notably those from beds above the De 
Smet cut, and from the Belle Eldridge mine in Spruce Gulch, the microscope 
reveals fi-agments of shells and small irregular plates }>erforated with many 
minute holes. The latter are probabh' some form of Foraminifera and their 



aAnhedron is here used to designate a mineral grain or individual which, while it is cr>stallinc in its internal 
gtmcture, so that it polarizes light, etc., has been pner\*ented from devoloping crystal faces by the presence of contiguous 
grains of the same or other minerals. It simpiy fills up the irregular space between the other mineral grains. 
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pres^enc^ indicmCes that the rock origiiially consbted of the remaiiis of organ> 
Laik*. tb0t greater part of which have been completely obliterated by s^ubs^equeiifc 
marbleizatioo. 

A micn>pho€o^raph of this rock is shown in PI. X. A, facing page 2U. 

The «?^-ond variety of structure obsened in the dolomite is that where the 
rock ooaTfists i>f an iiggregate of automorphic crystals" of dolomite. Inclusions 
and staining by oxide of iron has produced dark bands in these cry:«tals, that 
give to them a marked zonal appearance and bring out distinctly the thoroughly 
crystalline character of the rock. These rhombs are .^metimes exceedingly small 
and of uniform size, but in other instances irregular Ijands of larger individuals 
are distributed through the rock. (See PI. X, B. p. 214.) In other respects this 
variety shows no essential differences from that first described. 

The first variety of dolomite or **sand rock" is more common on the lower 
contact, the second on the upper. The two, however, grade into each other and 
are not to be distinguished without the aid of the microscope. 

Alteration. — The alteration of the dolomite produces a progressive series of 
changes in the appearance and condition of the rock. The first mineral attacked 
is the pyrite, which becomes rapidly oxidized. The limestone then becomes 
stained with oxide of iron, si> that it changes to a deep Venetian red, or yellowish 
brown. The flashing cleavage faces remain unaltered, and, together with the red 
color and peculiar even texture, give the ixwk a very peculiar and easily recog- 
nized appearance. The black shale bands become stained to dull red by iron 
oxides, and where very impt^rvious fnH|uently e.xchange their black color for a 
light gray. The glaueonite does not seem to liave l)een umch affected by altera- 
tion, being frequently found in the most deiH)mposed specimens. It is improbable 
that all of the iron oxide that stains this vovk arises from the decomposition of 
the pyrite: much of it lias piH)lmbly Ihmmi intiXKluciHl by oxidizing waters that 
have seeped downwanl from the IhhU alnive. 

The next step in the oxidation of the nn^k after the pyrite has been removea 
and the rock staintni rod is the grmlual nolutlon of a iH>rtion of the carbonates. 
Bv this means the rock loses its iuhhhIvo ntrurturt* and jmsses into a red or 
yellow earthy material conipostMl t»f cliHlntoynittMl fmyfuients of lime and mag- 
nesium carbonate, limonit4\ includetl Hand tfrnin«. iind whatever clay originally 
existed in the rock. This coniph^tel.V tliMMiinpuHiMl iimtorial is known to the 
miners as ^^gouge,'' and is especially woll iloviiln|in(| on Wuk edpvs of ore boilies, 
even when the ore and wall nn^k are <MMii|mrulivMl.v iinoxidi/ed. One of the 
most noticeable features of this gouge liko alhtrnlinii U (lio piuuunem^^ given by 
it to the banding of the rock. The d(»lou»ilM lmiii|r« limMiino Murker hv n^ason of 
the introduction of iron oxide, but the hIiuIo lmnil«. <mi ii.r.iuiit of their im^)er%iou3 



aCrystalllne mineral grain, which have liiUy itev«h.|HHl . i>.i«l m..-- .»».. u..m4.h» Huu.i«,^r»a»W. 
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nature, retain the greater portion of their original material and are therefore of 
lighter color. Thus with the increasing alteration the banding of the rock has 
been rendered more pronounced, and it is often supposed that red ores come in 
shales and blue ores in the limestone. Gradual transitions, however, between the 
gouge and the original blue, unaltered rock are frequently observable, no single 
step in the alteration being absent. At times the red gouge has preserved the 
structure of the rock from which it was derived, so that angular fi-agments will 
present the appearance of a hard, massive limestone, while in reality a touch 
will serve to cause them to crumble into a loose mass of soft earth. 

CHEMICAL COMPOSITION. 

An analysis was made by Mr. W. F. Hillebrand of a specimen of the blue 
unaltered dolomite taken from the long crosscut of the Tornado mine known as 
the "Bx" crosscut. The portion analyzed was taken from a layer free from 
shale bands, and showed dolomite, calcite, quartz, pyrite, and glauconite, with a 
few minute specks of magnetite. After treatment with hydrochloric and sul- 
phuric acids, the residue of quartz grains, pyrite, and magnetite was further 
examined under the microscope. The quartz grains were rounded and without 
doubt of detrital origin. The pyrite was in irregular masses and occasional 
crystals, and the magnetite in such an extremely fine state of division that it 
merely imparted to the residue a slight grayish tinge, and could only be 
recognized as such by means of the magnet. 

The analysis gave the following results: 

Analysis of unaltered dolomite from Tornado mine. 

Per cent. 

SiO, ' 5.74 

AlA 2.02 

Fe,0, 64 

FeO 6.47 

FeS, 69 

MnO 97 

MgO 14.75 

CaO ■ 26.81 

Na,0 07 

K,0 53 

H,0— 105°C 34 

H,O-fl05°C 67 

P,05 08 

CX), 40.11 

Total 99.89 

It has not been possible to calculate the exact mineral composition on 
account of the variable composition of the glauconite, but it will at once appear 



Iri Sli>»M»XC KKSUtTKCCS iUT >'OKrH£R^ BLACK HILLS. 

^Oiil^ :be pcvp%?fwa «^ vnurbuoUes {NKsieB( b> much in excess of all oCher minefBkw 
£^ tiiif iirnf^ att^oesiiw 6frt«i>u{> 4>xidpe. ;umi fnamgnnegie oxide he cmicolated :$o &:« to 
•>i(iti>in!e wits ouctl ^.^luAooh: acki prvssenu the ag;gregate amount of cmrbooste^ 
?ep^^^e«ff»ls nJKiut >? p*»r ostifi «?r the ruek. The!?e elementa* profattUj do noC exi«c 
j?^ >t»|)iac:ijCie ninemi >fi«Nrfe^ but «jeciir as bocnoirphotxs mixtures, the iroa and 
3ttut^^iu)«!^e r^epimrin^ a purt oi db? otkHiun and ma^^nesimn of the nonDftl 
sk^imiititf. S>ote ii:^Cini:ti7»^ «.*aleioe tb>e»v hoveTer. occur: but the amount i» somlL 
T!hf fonttuia w»iuid pi>JO«hlv be abuui; *> follows^: CaMgiMoFeHCOv where 
suiau[L lunnciczes ^r Mn nod F<e <Mxnir in the ^joiomite moiecole. 

The alumitm :s tuu iii^ fiir -^iauconilie of normal compot*itk>n« and indicates 
tfaac a siifiiiAl aanmxic ^jf tiaulin i&^ presseoc Thizf vould oonr^mie a portion of the 
tsiltca.. poiik>a. :iod ojmbined water. The remainder of the atnniina. p«>cae<iu and 
vvmbined water, p^rt *tt che ^ca. considerable aia|rne;>ia. and all of the soda 
and pbot>pboru2^ an^ urt/bahiy contained in the ji^iaoconice. The baiaoL-e of the 
silica ts pre^s^ent a&> -^ajid grains-^ 

Tht^ perceuta^ »>f ghuiconite and shaly material increa£«es with the increatie 
in the v|uiuii2ty x^i shaie bauds in the rowlc and a^i they always persist onalfiered 
in tfao or^5v they are to be re^rded as*- impurities in the oormai ore-bearing rock. 

la the Cambrian ijroup the5?e dolomit?e ^)eds mo^t frequently carry ore at 
two levels^ wbicb ai>^ UnrHlly known a{>the "lower" ami "'upper*' «.*«mtac&^ although 
it is pr\>bable that oUkm' ^H.'ds will b%» t'ouitd withilfi the iuteneain^ purtiim of the 
serie>^ but ^u*h have not yet ^Kvn caretullv >ou^hc. 

A.'uv/ »/Mi*u^. Cho U>wer l>eds lie s^jenerally directly upon the ha^al «4uarczitB 
of the Cambrian and iu*e iwrni ♦► U> dK^ teei thick. rhe ^l«lnd^- »»f iinperviouir blue 
shale wbich interrupt the continuit\ o( thi?^ t^nrk var> ixreatly in thickness and 
o^vur at intervHljv which inci\*aM> or viiniinislt without i>'5iuiar!ty. The re;*ult ixr 
that it* traix^l t\>r any i;r*^t distanw Uh> vU>loniilc ^K\is ^how a leuticuhir fi>mu 
pas^n^ from a thick tnHs>. into ihinnor and thinm^r ''kanvi> until they rinaJly 
di>appi'ar in tiic suri\Kin\lin^ xlmK>?v Kiv\(nonil\ ^uh Itnticuiar "ie«i> nrv 
armn^cil su tliat ».mo ^h4>m^\n iHlcrnllN *vnvHilli i\w uc\i xiu\>'t^iuij> v>m* aijov*-. but 
dwindles to nv>thin^\ while iho iu^hc» vm U>\\ci >hm v-\>niuuu-^ Lt tfaefeturv 
happens tiiat the lower ^k^U \ar> in ihcn o\ai I s;c\>U>^KHi |K>>ilioiK at s.*ine pial'et^ 
they lie directlx on the v^uart/.itc anvl at v^lhoin ;u%^ x\»nu' viivimic*- aiH.^\»^ it* ciw? 
intervening <paci* ^vin^ vKcupicvl b\ tlun ulhinann^ 'wlv n >iteiir ami 'mpuno 
Utiiestone. Th^* ^K^is oi Jv»U>nute anvl {U\\\ mh^u.Uuud vlialc -u%' it ^.ime piaMcec;^ 
overlain by a <eric5- oi cxtrenu^U un|H*r\um* uhu^ .IukW-, wImmx uea^ with a 
triau>;ular cleavaj^je and never >J\ow auv mdnuuvu v»l nnnciKih-atKHu At cimes 
the lime{>tone become^s so thin tluii ihc blue MkkU . Uv bui ^ oi u ^vi aliov*? the 
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basal quartzite; gene rail}' the distance is much greater. It very rareh^ happens 
that shale horizons of this extremely impervious character lie directly on the 
quartzite. Although the aggregate thickness of these ore-bearing beds is some- 
times as much as 30 feet, their continuity is always interrupted by shale beds, 
often of considerable thickness, and it is usually such a bed of shale that forms 
the roof of the ore bodies. 

The dolomite beds that lie upon the lower quartzite are remarkably uniform 
in their distribution. They occur in Garden, Ruby Basin, Portland, Squaw 
Creek, Lead, Yellow Creek, and recenth' a drill hole has revealed them to a 
thickness of 12 feet at the base of the Cambrian that underlies the Carboniferous 
limestone of the Ragged Top plateau. On the west of Spearfish Can^'^on, in the 
vicinity of the porph^^y masses known as the '* needles,'" a tunnel has revealed 
the same dolomite series. In the Two Bit district, however, in the Detroit and 
Deadwood shaft, this rock is absent, and it probably does not occur in the region 
to the east and southeast of Deadwood. Its distribution in a direction westward 
from Lead is, however, ver}^ uniform. 

Upper contact, — The position of the upper beds of dolomite is about 12 to 
18 feet below the Scolithns sandstone that lies near the top of the Cambrian 
series. 

There are in most of the mines on the upper contact two beds of this dolo- 
mite separated by 3 to 4 feet of shales. In many instances — such as the Mark 
Twain and the Burlington mine, near Portland — the ore that occurred in the 
lower of these two beds was completeh' removed before the parting of shales 
had been broken through, and the ore of the upper bed discovered. It is stated 
that in the South Dakota mine, at the head of Annie Creek, as many as five or 
six separate beds of ore replacing blankets of dolomite, 1 foot in thickness, 
occurred. Two blankets of ore also accurred in the Dividend mine, and in a 
portion of the Mark Twain mine the same duplication occui's. Occasionally 
shales whicli lie between Ijeds of dolomite have been slightly silicified and carry 
small quantities of gold. The large proportion of clayey material which they 
contain has, however, prevented their complete mineralization, and it is only in 
the purer and more massive bands of limestone that workable ore bodies occur. 

The dolomite V)eds of the upper contact, as exposed at Portland, have l^een 
discovered in the region of Ruby Basin and in the headwaters of Annie KJreek, 
but their occurrence at other localities has not been determined. Intermediate 
beds of dolomite — such as that seen in the Belle Eldridge mine, in Spruce 
Gulch — are mentioned by Mr. Tower as occurring in the vicinity of Galena and 
Stmwberry Gulch, but their exact position is not definitely determined, and that 
these intermediate beds do not carry ore when present in mineralized localities 
has not been proved. 
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The length of the shoots varies from a few feet to about four-fifths of a 
mile. The Tornado-Mogul shoot, which is probably the largest single body of 
refractory siliceous ore yet mined, had a total length of 4,153 feet. The Bottle- 
son shoot, including that portion that extends into the Alpha-Plutus mine, was 
3,290 feet in total length. The large No. 1 shoot of the Union mine, exclusive 
of its probable continuation in the Ruby Bell, had been mined when visited to a 
length of 1,750 feet, and was not then completely worked out. The Ross Hannibal 
shoot was 1,500 feet long; the Steward, 1,160; the Boscobel, 1,050, and the Double 
Standard, 900. On the upper contact the shoots of the Mark Twain and Empire 
State mines, which practically constitute a single ore body, show a total length 
of 2,000 feet. Shoots having a length of from 600 to 800 feet are of frequent 
occurrence, while those between 600 and 100 feet constitute perhaps one- half of 
the total number of shoots mined. In general shoots having a length less than 
100 feet are not very often encountered, and when found are often too narrow 
and poor to pay for mining. This is especially true in the mines of the Bald Moun- 
tain area where the ore is not of very high grade. In the Yellow Creek and 
Lead areas the ore is higher in gold content and occurs in much smaller bodies, 
so that shoots of very small size are often workable. 

In width shoots vary from a narrow film of silica lining the sides of an 
almost imperceptible crevice to great flat bodies 300 feet or more in width. The 
widest shoot mined is that of the Golden Reward mine on the south bank of 
Nevada Gulch, which measures 340 feet at the broadest point. The Tornado at 
its widest point is 180 feet. Shoots 100 feet in width are of quite frequent 
occurrence, and those from 100 feet down to 4 or 5 feet are mined in many 
places. Perhaps, however, the most usual width of ore shoot throughout the 
region is from 5 to 20 feet, such occurring with greater frequency than any of 
the other widths cited. The w^idth of a shoot varies a little from point to point, 
and in many cases is greatest about midway of its course, gradually diminishing 
toward the extremities. The Tornado-Mogul shoot is 180 feet wide slightly north 
of the central point, but it narrows to 10 feet at its northern outcrop and pinches 
out entirely at the south end. Very wide shoots like the Golden Reward are 
generally formed by the convergence of many smaller ore bodies having slightly 
discordant trends; thus the total width is diminished in any particular direction 
by the introduction of wedge-shaped areas of unmineralized rock. 

In general, there is no constant relation between length and breadth. Except 
in a few cases where very wide shoots, like the Golden Reward and the inclined 
shoot of the Little Bonanza, are nearly as broad as they are long, the length is 
many times greater than the breadth. The longest shoots are sometimes broad, 
as in the case of the Tornado- Mogul, but there are many cases like the Boscobel, 
where a shoot 1,450 feet long never shows a greater width than 10 feet 
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The vertical dimensions are the least variable, tecause the ore deposition 
being due to the replacement of certain more soluble sedimentary beds is 
limited only by the thickness of those beds. Consequently the thickness for 
narrow ore bodies is as ^reat as for wide ones, at least in the same locality.^ 
\\Tiere the ore-l)earing l)eds are very thick the ore is likewise thick. From 5 
to 10 feet is a conservative estimate for the Bald Mountain area, as also for the 
Garden area. In the Portland district the thickness of the ore is not often 
more than 3 feet and often ranches l)etween that and I foot. It nirely happens 
tliat the ore in a shoot of any considerable size is continuous from the fl(H)r to 
the roof, for it is almost always interrupted by jwrtings of unmineralized shale. 
These are tenned •' waste" by the miners and have to l>e carefully removed by 
sortinor. Where such "waste" l)eds are thicker than the ore there are practically 
two ore shoots or blankets one above the other. The thickness of a shoot often 
diminishes at the rims, where the ore thins to a feather edge. Other cases 

occur where the transition from ore to 
country rock is such that the shoot retains 
its full thickness to the rim. 

FKArTVRKS. 

In all of the stopt^s from which the ore 
has been completely excavated discolored 
seams may he obsened. These are generally 
(juite conspicuous, both on account of their 
FT«.i3.-sketchof •vertinii'.u.Heenincn^.BcH.. ^^^i^htW irou-staincd appearance and on ac- 
tion, showing the manmr in which it i»n>j<M'tH ^.j,^,,^ of the resistant character of the ma- 

from the Hiirronnding (-(nnitry nx'k on aoconnt of 

the resistant chiiracter impHftcd to t ho adjoin Injf t<»rial of wllicll thcv are COUipOScd, the latter 

material bv silieiflcation. i • <. ' 

feature liavmg frecimmtly caused them to pro- 
ject from the softer, unminemliz(»d country rock. They may be most readily 
observed in the beds overlying the <»ro, as these are of slightly lighter color and 
of a more shaly character than those in whi<»h the ore itself occurs, but if care- 
fully followed to the side or end of Mm* Hto|M» may 1m» tmced downward into the 
underlying quartzite, shale or (iolomit4», wlu»n<»ver mining oiMMiitions have revealed 
the rock below the ore. These Heams are kn<»wn to the miners us ** verticals'' 
(PI. XII, p. 214). 

In a "'vertical" there are two f«*atureH to be distingnishcMl: I. The original 
frac^ture. 2. The mineralization al(»ng or pn»rei»ding from that fnictuiv. 

The original fracture is a result of niptun^ due to strains in the country 
rock. It may have been a simple crack with no |M»n'eplibh' op«Mi sjwvce In^tween 




«The exception is where narrow and extremely hiKh urn ImmUi'h iuh ritnmtl tiliiiiH \it> o|n'n fn»oturv«. a.* in the 
iVnobscot mine (sec PI. XI, C, p. 214). 
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the walls or a crevice an inch or more in width. Secondly, as a result of min- 
eralization the fracture is often filled by siliceous deposits and sometimes stands 
out as a small ridge in softer material, or it may be lined with quartz crystals 
and not completely tilled. Often it is not clearly distinguishable in the mass 
of the ore. As a result of the replacement of the countr}- rod: on either side 
of the crevice a sheet of hard siliceous rock is formed which may extend for 
considerable distances on either side of a fracture. If extensive it forms an 
ore shoot; if slight, a ** vertical." This vertical is often confused with the frac- 
ture, but it is important not to confound the two. The fracture admits the 
solutions and the ore body is formed by them. 

The original fractures are either simple or composite. 

The simple fractures have slight displacement along surfaces which are some- 
times perfect planes, but more frequently are slightly warped or curved surfaces. 
No unevenness or brecciation occurs along fractures of this type, and verticals which 
result from their mineralization are generally, extremely narrow and regular. 

A composite fracture is caused by the intersection of manv small, irregular 
fractures running in all planes and at all angles to one another, and constituting a 
zone of fracture. This can not be described as a brecciated zone, because fragments 
have not been perceptibly moved from their respective positions. 

Simple fractures when followed to the limits of the ore, where their traces can 
be distinguished in the walls of the stopes, show that they are planes of movement. 
The faulting that has taken place is in the majorit}' of cases extremely small, but 
is almost always clearly discernible. It generally averages from one-quarter of 
one inch to 6 inches. The differential movement that takes place along such 
fractures may te both vertical and horizontal. If the movement is vertical it is 
usually shown by a very pronounced drag in the extremities of the dislocated 
strata; if horizontal it is indicated by horizontal striations in the underhing 
quartzite. 

The planes of movement of these faults are, as is usual in fault planes, curving 
or slightly warped surfaces. They are, further, faults of but slight displacement; 
faults of larger displacement — in one instance of 300 feet — occur, but show no 
evidence of mineralization and are probably of later date. 

All gradations from the simple to the composite type exist. A single and 
simple fracture rarely continues for an3^ distance as such. In many ore shoots a 
single tissure, though showing a very constant direction, may change into a com- 
posite fracture and still farther on split into a large number of fissures not quite 
parallel, so that by gi'adual divergences and convergences they form an interlacing 
network in the roof of a stope. At times the veiiical, which has resulted from 
the mineralization of a series of parallel fractures, occupies the entire roof of the 
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Btope, the space between the indiridcttl fractures having become more or leas 
flilicified. Simple fractures are genefally vertical^ or nearly so. 

ymcncAL sxtbit or nLAcnrKB. 

The fractures sometimes extend into the roof overlying the ore. and in all 
iastance^ where it was possible to make obserrations, could be traced into the under- 
lying t>eds. In a few cases it was possible to trace their continuations into the 
Algonkiaa rocks below. 

In the Mogul mine a drift was run into the slates directly beneath the ore 
tx>dy itbelt. Kvidences of silicification can be detected in the phyltites of the 
Aigonkian, showing that the mineralization extended into the rocks underlying 
ilie (kfiibrian, liut where the Aigonkian rocks are quartzite, or like insoluble 
I'ockii, little or no secondary replacement can be observed. 

In the Big Missouri mine the ore-bearing beds lap over into direct contact 
wiii^ tUa Aigonkian, and verticals can be seen passing into the schists which underlie 
the ore. 

In iiui llawkeye-Pluma mine verticals from 3 to 4 inches in thickness, con- 
bitting of reil-Htained silicified phyllites, and showing many drusy cavities, extend 
nya^ny ftnii Imluw the Cambrian into the Aigonkian. Siliceous verticals were also 
(ii:U:i:Ui4 in tUa Dividend mine, near Portland, passing from the Cambrian rocks 
into iUu Aigonkian. It seems, then, very probable that these fractures extended 
inUf lUii Aigonkian underlying the Cambrian quartzite. It is to be observed 
tUnt Mic Aigonkian rocks are not generally composed of soluble nor easily 
r«'plM^'t'<i nii^M^'i'ial, an that only when the fractures pass into soft white micaceous 
/'orli.-s ill/ i)i|it.ili(:(| Imnds \Huum\e prominent. Moreover, the vertical position of 
Mm- Algonliiuii liiiiiinatjon makes it difficult to distinguish banding due to second- 
m'> Mlhl'Mtion from lliat rjianu^triristic of the original rock. 

TIh: Mpwani iiX^Umi of lb« fractures seems to be conditioned by the rocks 
lluoM^li wlii<:li lluty \mhH. That they extend at times almost, if not quite, through 
(h«' <JiMMlH'iuu Mtriiift la n^Mlenid proJ)able by their occurrence in those ore bodies 
whirji iM'<: on lilt: ii|)|)iir contact. This is at least 250 feet above the base of the 
Clanilniuii. Agiiiu, llict frurtnn^s whirh occur in the CarlK>niferous limestone, both 
in llir Iriul MJIvttr (liblriiU of (Jarbonat^. and in the vicinity of Ragged Top 
iVl<MHil4ii)i, inu.v Ihi tin*. upWHnl continuations of fractures in the Cambrian below. 
1( i^ iio( known li(»vv uiuvU farther they extended into the series that has been 
iMiMlnl awu.v ^^n llui olluu' hand, there are many instanc«*H in which the fractures 
iln Ui»l imh.s timiugli Iho roitks immediately overlying the lower contact ore bodies. 
In iUv Uuli.\ Ui^ll miu(^ >nrll«uilH, or fractures, were observiKl in the ore; that is, 
tiiiiplui't-UuuitM lilung (h^tinitn Unt^s or otfsets in the banding of the ore, which did 
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not extend into the shales overh^ing the ore. In those stopes, of course, where 
the ore had been mined out, verticals that did not extend beyond the ore- bearing 
beds could not be seen, as the material in which they occurred had been removed. 
Thus the roof of the greater part of the Ross-Hannibal mine is of a smooth, 
even shale, showing only a few fractures, and these at great distances from one 
another. Many of the wider and more extensive ore bodies occurring at Portland 
show the same phenomenon. In some ore bodies of very considerable size no 
fi'actures of any kind can be observed, and it is difficult at first to account for the 
occurrence of the ore body. In such instances, however, it may frequently be 
noticed, where ore has been left in the mine, that the banding shows slight 
dislocations along vertical planes. 

It will thus be seen that while the fractures may generally be shown to extend 
down into the Algonkian, their upward continuation is somewhat variable; they die 
out in less massive beds where movement has been productive of plastic flow rather 
than fracture, or where the shattering forces have been stronger they extend for 
greater distances upward, and probably frequently reach the massive limestones of 
the Carboniferous. 

AMOUNT OP OPENING OP FRACTURES. 

The amount to which the opposite walls of f luctures have been removed from 
one another is variable. Openings are either original or have been secondarily 
produced after the mineralization of a fracture. Primary openings are almost 
always extremely narrow, thread-like crevices, the actual opening between the 
opposite walls being generally less than one sixty-fourth of an inch. There are, 
however, a number of instances in which it is as much as one-eighth to one-fourth 
of one inch and in a few cases even greater. Thus in the Ben Hur mine a fracture 
passes from the ore-bearing beds into porphyry and in the latter rock shows an 
opening of from 2 to 3 inches. The interspace is filled with large crystals of 
quartz and a good deal of secondary silica. In the Golden Reward mine, where 
fractures pass into porphyry, the space between adjacent walls is as much as one- 
fourth inch. 

In the Alpha-Plutus mine many of the fractures show considerable openings — 
sometimes as much as one-half inch in width, and when a fracture showing an 
opening of this size is composite, or composed of many fissures occupying the space 
of a foot or more in width, the aggregate amount of opening may be very great. 
Such instances as these arc, however, mre, and open spaces have seldom attained 
any considerable size. Innumerable instances might be cited where the walls are so 
closely pressed together that only capillary spaces remain. As a general rule, those 
fractures that are to be seen in large, flat ore bodies are much smaller and tighter 
than those in long narrow shoots. 
4987— No. 26—04 9 
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Fraeture> a.re ^rf^f-i^J ^rraas^ in piiniilt^l j^roapf*. each !rrr>ap foflowin^ a 

frftcture >T!Steift^ Tw<. ^.^ 3i»:*c^ -m^.-a ^v^^t^nL*^ mav be 'iisdngTii.«*aeii in :ftll of die 
prodocdre aj«k> <»! >iIk<*L<i> •>i>?^ S>iiie -y-^cemrr *h€>w ^n^At pervb-^kfoet* and An* 
beavilx nmM^ndiaed; li^?*?* ^■v''me5?p»-^n«i m iin^-tioa ro the tr»*n<l of the ;£n*ater 
nomiier of c»rf 'riMie?w wMte ocinfrs- ai>» ♦*t>aipanicively in2^^itu*:mc. And •ii> wK -^eem 
to barf kiewL jNiVidtKtiv*^ k>( %^r^ hijdit*s oi Any ^w. Fr5fcL*tun»> of the lir>t vTiri#»tT 
liKTe lieeii u-nat^i ""jnifcf^.^r'* frtokrcurvsf: thot<e of the •••HijniL "•minor*' fraiL*tiin»s?. 
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The iiiii»<*rklu*fd Ifnfc^tiine** arv diridiHi up tnc*> ^pikrace And tiL^cincc jrruapfrv 
which w»r?»e>f*:Kid tUjr*»ly ti> thv liifft^rvnt pcoductLvi* atwh* of -iIii't»«)Ui» ore. Thi*sstt 
g^H:»op^ nr^ '^pkrmt*»d frvm v»n.»» AiioCht^r ^y indfn'vninjf Aiwis? in wiiieh. A&f> fiwr a* 
kDc«ir>iL aira»tnklLiv*l fm^'turvf* iln m»4 i»cvur. In Any one ^)ap men? at^ pn^ssent 
nrc* cc mrycy^ ^j>^^txss i»f wvlUl^^dittxi ^t^turv which pn?^nr»? ar»M.*cion> tfaac Ar»» 
<K«t?<:fta( vitbtn th^^ Utuil'^ o{ ttuit k^*^^*^ ^^tt ditlvrvnt fn^m dii}i?e of the ne^^fa- 

Th«f ^i^i^'tBic i»f tb^ rir^iihikv* wUbia b^av oinr ^r^vop ii> iCMneniily without 
ne^xlttnty. A *tnirU^ ir^»U|» M*i*Hll> xtioyftix M j^typittCtwoss fwm a ^paL^ine -?*> .4*)^^* 
ibart Ib^e tn»llviiitii%l frii« |UK^ ^hm ImiAtl^v tH> s(kx(tii4(uis4h*d Ae^ >Ui.4u to one <^> hnMd 
ehttt an minMri4iriilt>tH| nt-iHi i«f I^H»4u MK> Vn ^iK> ^t mi^MrviMws Vtween a fraLtore 
Ai»i rt> nearv^k n^^l^rlitHO 

In "aifiie »if >h*» ||M»MIM i«> hnvUuv^ \i\\s>i^> U ^ ck>c^ reIatiun&>oip lecwi^ea the 
fr^tur*'** an*! th*» -iMM^hHi* \^\l Mu^ VS^uikMkHu V\>ck>^ Thu^^ in -ooie mine*- on? 
$b«joU •!•'« tit M|MHi tluM'iiwU \*l' \\^\\ ^uUvWmhI (Kitfvis^^tb^ tnft^'tun^^ fn>ui which 
they have uriii;itmt»'«t h»4» ^lu^i^iih Uv^^^k^^H^kt >^hiK> \u the -osiiJow -yncline!i 
between tbein ittiiuMHlUiHl luulUUM \i\i m^V VKVU^. 

There ate Hvi* um|miMhmI m\^^wji \»|' fuvUuwt, t\\\^ iu the Bald MouiiDiin An*a. 
and one i*aeh in tito ilmdt^h, \\A\\^\\ K^w\k^ 4uvi Ia^hU hvi'hn. 

The fraiture** in IIm^ \\\k\\\ M\»UUUiU m\u^ vH^^^iiUviU' iwo ifi\Hit»s *K:vurr!nir in the 
vicinity of Ruhy lUi*«iM u»mI IStUlmul 

In the Kuby HmmHi ilUhUt |Iu»Umui\ J\\u \V*»Uuu^ \kl' uuijor tinccur^; <.>ne 'ia> a 
direction ruii^iiiir fHHii N !«' * W U* uviUb i\*uO^ Hio |uv\»ilnisi .tri*i <n.ni^:est 
tis>ures of thin sy^hMM iMU N IW \V . i^uvl lUA^ U»IU»\Mxl U> the lon^ K -no«jt. the 
Big .shoot> jf the I^mmimIm \\\\\\\\ \\\\\ m*Ulo»*v»u ^lu^v^i, »ukI mau> other -oi.H.»t!> of 
considerable *ii«e. Tho oOu»i tlUwU\MU»i uuvh»i Uuviuio is ii\>ia \. :fo K. to N. :5i»- 
E. Fractures Ih«Umi)|Iiiu U* ihU ^ViUmu um\ \m\ .» v»u thv vuic side or ocuer.»r tiieiie 
direi^tions. Minor fiihiuiHf«i I'UM N< HU Um'i\^ \\ muUiviusiv^iuillv N. 'x* K. «.>ther 
fractures of minor chanit'hM' ooom'i U\\\ {\\\\\ lUV \h»uUuvvI Ui oxiivinvU ^road -tope> 
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whei'e the network of very small f nictures is so intricate that there is no predominant 
direction. In the Bottleson shoot and in the St '^jouis ore body there are other 
major fractures which trend X. 5^ E. In the jj^roi p of mines west of the 3lN)-foot 
faulty desi^ated the Boscobel- Welcome group, the ^•actures follow the same general 
directions, but vary possiVjly within wider limits than liiose of the Alpha- PI utus-MoguI 
group just discussed. 

In the Portland district the prevailing direction of the major fractiu*es and the 
resultant trend of the ore Ixxlies is between N. 20 -^ E. to X. 45- E., the most constant 
direction being about N. 35^ E. Minor fractures trend north-south, N. 50-^-55- E., 
X. &)- E., N. 80—86- E., N. 13- E.. N. 3<» E., and in nire instances N. 35- W. 
Hence the prevailing trend is strongly toward the northeast. 

In the Garden area 5 general systems are important. These run N. 30~^ E., X. 
4<J^-45^ E., N. 55^-57' E., X. 60^-65- E., and X. So- E. The number of fractures 
following'the other directions is ver^- much less and they may, therefore, be regarded 
as comparatively unimportant in the i>art that they have played in the production of 
ore Ixxiies. 

In the mines of the Yellow Creek and Lead areas the Cambrian rocks are so 
completely weathered that the accurate determination of fractures apart from ore 
bodies was not attempted. The major fractures here, as elsewhere, follow in 
general the direction of the longer diameters of the ore shoots, but even these are 
somewhat small and disconnected, so that it is difficult to settle upon their prevailing 
direction. Presumably, however, in Yellow Creek their directions are X. 12^ W., 
X. 60- to 80- E., X. 33- to 40- E., and north to X. 3- E. In the vicinity of Lead, so 
far as could be ascertained, fractures follow with considerable constancy the strike 
of the lamination of the underlying Algonkian schists — that is, X. 25" to 30- W. 
Other systems of fracture probably exist, but were not detected. 

IXTERSECTION OF FRACTl'KES. 

Intersections of fractures cx'cur both in vertical and in horizontal planes. 
Vertical intersections are comixaratively rare, because they can occur onh' when 
fractures exhibit pronounced dips, and such are infrequent. An intersection of this 
character occurs in the western workings of the Mogul mine, and an ore bod}' of 
considerable size is found at the junction of the fissures. Xo displacement was 
obser\'ed. Another place where an intersection of two composite fractures in a 
vertical plane was observed is in the ^'Double Standard" mine. Xo displacement 
occurs at this intersection. 

At intersections in a horizontal plane displacements are sometimes observed, 
but are f requenth' absent. In the big shoot of the Tornado mine, on the west side 
opposite the Tornado shaft, a small fracture trending X. 40- E. can be seen faulting 
from its direct course a large ore-bearing vertical running directly north and south. 
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In the Clinton mine, near Portland, two small parallel fractures running 
X. :!>>' £. are intersected by a large ore-bearing vertical striking N. 65^ E.« and the 
tvo small fracture^ are diifplaced for a distance of 8 inches. 

In the north end of the ^'A*^ shoot of the Tornado mine a strong manifold 
fracture, trending N. 15- E,. which had persistently formed a large ore body from 
^•* to ^<."» feet, is displaced 3 to 4 inches to the west on the north side by a minor 
Tertical tremiing N. 3«>'- W. 

In the Donelson mine* in Yellow Creek, an east-west vertical terminates against 
one running directly north and south, and can not be observed at all on the other 
side. A few other instances may be cited where intersections of fractures are 
accompanied by slight displacement, but it is much more usual for intersections to 
be without appreciable dislocation. When fractures intersect at small angles it is in 
most cases difficult to observe any intersections at alK because they curve into one 
another, and so many auxiliary crevices are developed connei'ting those running 
in one direction with those running in the other that it would be difficult to say 
whether the fractures had intersected one another or simply coalesced. Such inter- 
sections become more confusing when the fractures are of a 
manifold and composite character. 

RELATION OF FRACTTRES TO ERl-PTIVE ROCKS. 

Evidence as to the relative age of fractures and eruptive 
rocks is conflicting. Fractures younger than eruptive rocks 
were observed at the places mentioned below. 
FiG.u-MicitidrmwiDgoffi^ I^ the south end of the Golden Reward mine an ore- 

surv in decomposed tracby- 

loid pbonniiie, showing bearing fmctuiv passes diivctly from the limestone and over- 
character of *• vertical** i . ^>i , . i • i i *i ^ ■ 
after passing into ihepho- lymg Cambrian, wliere it had lHM>n proiluctive of a very con- 
siderable ore IkhIv, into a sloping floor of phonolite below. 
In this iHK^k it apiH'urs as a nuinl)or of closely spaced, parallel 
fissures one sixty-fourth to one-fourth of an inch in width, 
which are tilled with seii^ndary silica and often sliow narix>\v, vug-like cavities 
at the center and parallel with tho walls of tlu» fissure. .V similar psissage of a 
vertical into a sheet of phonolite occurs in tlu^ Murk Twain luino, near Portland, 
also in the south end of the Tonuulo mino (sot^ li^. 14^. In tho No. :> shoot of the 
Union mine the phonolite which overlie*^ tho orp is scunicd with iutciNocting fissures 
carrying secondary silica. In the Kctru^vrr niiiit^, on I ho tliviilo In^tweon Nevada 
and Fantail gulches, the ore lies iM^twecii a cup of rhNolilr uiul u IIihu* of i|uartzite, 
and the feeding verticals can bo tructul into ihc porphvrv cup whciv their iron- 
stained appearance has rendereil thcin cxtrcnioh prouniinit. In the Mail and 
Express mine, in Sheeptail gulch, intersecting NcrliruU niuv Ih^ (nuwl from the 
ore into the rhyolite roof, but become extrcmrl\ lino und ihromi like in the latter 
rock. 




nolite adjoining the ore. 
Fmm a larxe dike on iho 
vr«s*l «de of the Tomadu 
ore body. 
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In the Mogul mine fractures extend from the ore into the benching dike that 
forms the west wall of the ore body. They do not occur in that rock with very 
great frequency, however, and considering the number of fractures that occur in the 
surrounding country rock it is the more remarkable that they are not more 
numerous in these larger porphyry masses. 

In the Ben Hur mine a fracture in porphyry about 2 to 3 inches wide carries 
rich ore for a considerable distance and then passes from the porphyry downward 
into the dolomite, which here lies immediately above the Algonkian. 

In the following instances fractures older than the eruptive rocks were 
observed. In the Tornado mine in the north end of the V. N. drift a fracture 
heavily mineralized terminates abruptly against an east-west dike, the siliciiication 
covering a slightly increased area at the point of contact. It can be observed 
again on the opposite side of the dike, Imt there is no evidence of fracture in 
the porphyry. In the Two Johns mine, in Squaw Creek, a fracture trending 
N. (yS'^ E., which had carried ore for more than 420 feet, is interrupted by two 
small phonolite dikes. These dikes are about 20 feet apart, and the fractures do 
not pass through them but terminate abruptly against them on either side. The 
porphyry at the contact is slightly silicified. In the western drifts of the Two 
Johns mine three ore shoots terminate against a sloping wall of dark-colored 
rhyolite-porphyry. The fractures do not extend from the ore into the porphyry. 
A further indication of fractures older than eruptives is the parallel alignment 
of dikes and the northwest system of fractures in the Ruby Basin district, 
showing that the fissures through which the eruptives had gained access to the 
Cambrian strata were probably due to the same causes as those producing the 
other fissures of the same system. 

From the data, then, it is to be inferred that either there are two sets of 
fractures, one older and one younger than the eruptive rocks, or that there have 
been several periods of intrusion. It has been shown that the eruptives are due to 
a single period of igneous activity during which many types of rock were produced, 
and that the transection of one rock by another may show one sequence at one 
point and the revei'se at no great distance. It has also been shown that the 
intrusions followed lines of weaknesses developed by orogenic movements — the 
same movements that produced the fractures. It is not, therefore, necessary to 
assume that fractures older than eruptives at one point were formed at a period 
widely separated from those which show the reverse relationship at another. 
The fracturing, intrusion, and orogenic movement were probably coeval and 
occurred during one long period of mountain-making movements, so that the 
differences in relative age of the fractures and eruptives were due rather to 
irregularities in the sequence of the porphyries than to separate periods of 
fracturing. 
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ORXr,tX or THE FR.%iTT EI>. 



Thn)agfaout the northern portioo of the hi&t k HilU not onir does the Cambrian 
lie ant.^aformably on the enided s^urfai.'e of the upturned Algonkian rocks, hut it 
rarely retain.^ iVi orij^inal horizontal poe^iti^^n. Low undulation^* or incipient fokls of 
irrej^lar form are <:haracteri>ti«r feature> of the lower members of the serie?*. When 
reveale«l by the mint* workings the lower ^ied> of quartzite ar*^ generally found to 
dip at a flight angle in a direction that i-^ H^metime^ at right angle> to the prevailing 
>trike of the Algunkian riN'k'*; at others without dednite ivlation-^ to them. Slight 
dipf in one dir*^:tion <*xjn give place to corresponding dips in anoih»*r direction, so 
that the whole lower >urface of the Cambrian Ls comixjsed «>f a >ucct-sMon of depre>- 
sion> and undulations with much attendant fnu-ture and flight faulting. In explana- 
tion of thi-i pheu«>nienon Dr. T. A. Jaggar has sugge>ted that during the uplift of 
the Black HilU orogenic mi>vements were accompanied by a differential gliding 
of the Algonkian nx^ks upon one another along plane> of ^chisto>ity. This produced 
an elevation at one point and a simultaneou> depressitm at another. >«> that the result 
has Iwen a general distortion of the horizontal layers of the Cambrian. During such 
differential movement the harder beds of the Algonkian have exerted a powerful 
upwapl thrust on the overlying series, the softer adjaivnt layers being distorted 
against the rocks above. Such distortions have U^n observed at several points. 
The most striking instance may be seen in the long west crosscut from the Mogul mine, 
which penetrates the contacts of the two series. The softer rocks of the Algonkian 
are here crushed against the overlying quartzite and distorted, while the more rigid 
members of the same series have not suffered appreciable deformation. It is not 
improbable that some of the breccias that occur along many of the intruded dikes 
are to be attributed to the same itiuse. Such a distortion of the .\lgonkian surface 
could not but have priniuced strains in the horizontal nx^ks abi>ve. and probably it is 
in large part to such strain that the fractures^ with which ar%^ associated the siliceous 
ores, owe their origin. 

RELATION or THE rKAlTl'KES Tt> THE MINER \LIZATtON. 

The mineralization that has iHHnirrtHl along the fractur\*s manifests itself in 
two different ways: First, it has n^plHCtnl the wall ixH»k whenever that was composed 
of soluble material: second, it has tilled sui^h open s|^uvs as existtnl in the fractures. 
The distance to which n^)laiHnMent has extemled fn>m the fi'actur^^s varie> with the 
character of the l)eds thnmgh which thev iuih*. uiuI the intensity of the mineralizing 
action. In compai-atively innxMTious n»eK^i, like shides uiul eruptive-*, r^*plact»ment 
has extended characteristinilly to very sli^rhi ili«iunees, m» thut the r\*sult has Un^n 
the production of narrow verticals. In the ihilonute or ore iKnuinj^ KhI^ ptoper. 
if slight, it has likewise prixlnced nHrrt>NV sh»n»l«i or MMhtiiU; il of j^ivater iiiten-ity. 
ore bodies of workable size. 
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In the latter case the evidence seems to point to a limited distance for 
mineralization arising from a single fracture. In most of the ore bodies which 
occur in Ruh\^ Basin the mineralization has not extended very far. Ten feet 
may be considered a very fair avemge. Ore Ixxlies of greater width than this are 
due either to the coalescence of a number of parallel shoots or to the existence of 
a large number of intersecting fractures. There are instances where mineralization 
seems to have extended to much greater distances. Thus in the vicinity of 
Portland extremely wide shoots were seen in which the ore extends to at least 
50 feet on either side of a single fracture, and a few cases were noted where no 
fractures at all could be detected in the beds overlying the ore. In these cases, 
however, it is probable that the fractures terminated in the ore-bearing rock. 
Indeed, such could often be inferred from offsets in the ))anding of the ore, so 
that there seems little probability that mineralization has extended to a greater 
distance than 20 feet from the supplying fissure. 

It will thus appear that the relation of the fractures to the separate shoots 
of ore depends upon the manner in which the fractures are grouped. Ore bodies 
occurring along single fractures are long and narrow and I'arely attain a width 
greater than 20 feet; they are generally from 6 to 10 feet wide. Instances of 
this kind are the Boscobel shoot, which is 1,050 feet long with an average width 
of 10 feet, and the E shoot of the Tornado mine, 835 feet long by 12 feet wide. 
There are also many others. Where a number of fractures lie close together, 
so that the mineralization from one fracture has coalesced with that from the next 
succeeding fracture, shoots have a width determined by the number of fi'actures 
present. Of the many large shoots formed in this way two distinct types are to 
be found. The first includes those shoots in which the fractures are parallel, or 
nearly so; the second, those in which they intersect. Of the former a typical 
instance is the northern end of the Welcome mine, where a shoot nearly 100 feet 
wide is formed by a series of almost parallel or slightly diverging fissures (PI. 
XIII, p. 214). Of the latter — and in general it is by far the most usual type of 
large ore body — there are many instances, of which perhaps the most striking 
is the great Tornado-Mogul shoot which is 180 feet wide at the broadest point 
and over 4,000 feet in length. 

There are few shoots of large size — unless it be those formed along a narrow 
single fracture — that conform throughout to any one of these types; for in one 
part of a shoot one grouping of fractures will prevail, and at some distance 
another. In general, however, these four relations of fractures and ore are 
sharply defined and mav be readily distinguished. 

The filling of o\wn spaces is seen in a few cases, but is then subordinate to 
the action of replacement. The material that fills such spaces is generally a finely 
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divided aggregate of silica. Where the crevice is narrow the' silica is without 
definite arrangement. With an increase in width it is noticeable that fine silica 
lines the walls and increasingly large individuals occur toward the center, giving 
to the vertical a very distinct vein-like structure. When the fractures are as 
much as one-eighth of an inch in width the center is often left vacant and druses 
of quartz crystals project inward from the walls. A specimen from the Ben Hur 
mine shows a fracture 3 inches in width in porphyr3\ Along the walls on either 
side is a one-half-inch lining of silica from which large crystals of quartz project 
inward, interlocking with those on the opposite side. These crystals are often 
one-half inch in diameter and 1^ inches in length. Similar verticals of varying 
width were observed in the Two Johns mine in Squaw Creek, in Blacktail Gulch, 
and at other localities. Calcite, clay, manganese, and iron oxides often fill the 
central cavities. In some of the fractures observed in Yellow Creek the material 
filling the fissure is almost, if not entirely, chalcedonic silica, and the cavities 
are lined with even, parallel bands of this mineml. In the Dividend mine, near 
Portland, and in the Donelson mine, near Yellow Creek, are fractures of con- 
siderable width containing fragments of Algonkian slates and schists, which have 
probably resulted from the difi'erential movement occurring along the fissures. 
Filled fissures rarely possess silicified walls, for the free circulation of mineralising 
waters has not usually been favorable to the action of mineralization. 

Besides the primary filling of open spaces, a secondary filling is sometimes 
found; for when fractures have once been mineralized the^'^ have not infrequently 
been a second time the seat of slight movement, and a reopening of the fissure 
has taken place. Into the cavity thus formed fillings of calcite, manganese, and 
iron oxides and clay have often been introduced, so that the appearance of a 
banded vein is not infrequent. Such secondarily filled seams are especially abun- 
dant in oxidized localities, and often much of the filling material has found its 
way into cavities in the ore itself, giving rise to the erroneous belief that it is 
an essential ingredient of the ores. 

THE ORE. 

MACROSCOPIC CHARACTER. 

With a few unimportant exceptions, the siliceous ores are extremely uniform 
in their general appearance and structure. When seen in large masses the ore is 
generally a more or less banded rock, exceedingly hard and brittle. The banding 
is due to the persistence of the stratified structure of the ore-bearing beds in the 
mineralized rock, the shale beds usually remaining in nearly unaltered condition, 
while the dolomite layers have been completely replac^ed. Cavities of irregular 
form lined with crystal druses of various minerals are invariably present and give 
to the ores a very \»vernous appearance. These may generally be seen in bodies 
of mineral formed by the action of replacement. 
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The hardness and densit}' of the ore are so great that it can be crushed only 
with great difficulty. Its hard and brittle character causes it to give a harsh, grating 
sound when struck by steel; so that, even when it can not be seen, a blow with a 
pick or other implement will often serve to distinguish it from the country rock. 

The texture of the ore is dense and compact, and the color when unoxidized 
is generally gmyish blue. At times a greenish tinge is imparted by disseminated 
glauconite in minute grains. Ores from Yellow Creek and the vicinity of Lead 
are often white, or grayish white, on account of the presence of large quantities 
of barite. Sulphides sometimes occur in recognizable patches in the more coarsely 
textured ore, but generally they are present in too fine a state of division to be 
visible in hand specimens. 

MICROSCOPIC CHARACTER. 

Under the microscope the ores are seen to consist of an aggregate of irregu- 
larly bounded individuals, chaleedonic silica and quartz, through which is disseminated 
pyrite (see PI. XIV, p. 214), generally without crystalline boundaries and in a state 
of fine division. The proportion of the chaleedonic silica to the quartz varies, some- 
times one and sometimes the other being in the preponderance; in the majority of 
cases, however, the quartz is present in the largest amount. The size of the pyrite 
masses mnges -from those which are distinguishable in the hand specimen to such 
an extremely' finely divided aggregate that the mineral is scarcely recognizable 
even under the microscope. It is this extremely fine pyrite that imparts to the 
ore its peculiar bluish tinge. Residual masses of glauconite, often of considerable 
size, are scattered through this with greater or less frequency. 

The cavities or vugs are generally lined with druses of perfect quartz crystals. 
Such druses are generally free from pyrite and are probably the latest added and 
purest portions of the silica. They are often noticeable in the hand specimen. In 
some instances the center of a cavity is filled with silica resembling that of the main 
body of the ore. In ores from certain parts of the Tornado mine original detrital 
quartz grains are seen here and there through the ore, being readily distinguishable 
on account of their rounded character and the fractures and cracks that penetrate 
them. Fluorite is very frequently present; it is sometimes purple, sometimes green, 
and again completely colorless. It is always irregularl}'^ bounded, except when pro- 
jecting into cavities, when it is found in cubes often of great beauty and perfection. 
Ores containing appreciable amounts of alumina frequently show light-colored 
masses of transparent material that polarizes as an aggregate, and this kaolin-like 
material is almost always present in these ores in greater or less amount, and seems 
to vary directly with the amount of alumina and residual impurities. In some 
specimens the individuals of silica are of different size, and the smaller and larger 
are grouped together so an to form definite bands with irreguliar boundaries. The 
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fineh' disseminated pyrite is sometimes segregated into irregular bands and patches 
showing peculiar swirls and eddies, and often assuming subflorescent forms. (See 
PI. XIV.) Shaly layers in the ore show the usual indeterminable aggregate of 
finely divided minerals. Glauconite generally favors such shaly layers and appears 
as green to yellowish-green masses, frequently of considerable size. 

MINERALS OF THE ORES. 

In the order of their relative abundance the minerals of the ores are about 
as follows: Quartz, calcedonic silica, pyrite, arsenopyrite, barite, fluorite, gypsum, 
stibnite, uranium mica (variet\' undetermined). 

Quartz (SiO^). — This is the most widely distributed and invariable ingredi- 
ent of the ores. It occurs, as above described, as an aggregate of finely divided 
individuals, general!}' of microscopic size. Clear glassy crystals form druses 
lining the interior of cavities, and are often very perfectly developecl. When the 
ores are extremely fine grained the silica sometimes shows a marked iridescence. 
Instances of this kind can be seen in the ore in the Ross-Hannibal mine, in 
Whitetail Gulch. In its origin the silica is both detrital and the product of min- 
eralization, the latter variety generally being in far greater proportion. The 
detrital quartz pla3's but a small part in these ores, and when in large proportion 
materially lowers the grade of the ore. Quartz crN^stals of large size seldom 
occur, those observed in the Ben Hur mine being the single exception. 

Chalcedonic silica {SiO^+?ili^O). — Silica of this character occurs in the 
same genei'al relations as the quartz, although its proportion is usually much 
smaller. It can not be distinguished by the eye except when it lines cavities. 

Pyrite {FeS^ Pyrite occurs in very considerable quantities in all unoxidized 
ores. It can often be observed in the hand specimen, but is most frequently 
present in an exceedingly fine state of division. In many of the ores it is so 
finely divided that it can not be observed without the microscope, and it then 
imparts a peculiar dark-blue color to the ore. The segregation of pyrite into 
restricted areas of the ore sometimes occurs. An important instance of this kind 
is reported from the Ross- Hannibal mine, in Whitetail Gulch, where a bed of 
pyrite is said to have underlain the ore. 

Armiopyrite (i^^e'^lj^AS;.— Arsenopyrite can never l)e observed in the hand 
specimen, and often it is not present at all. In those cases where it occurs the 
percentage varies within wide limits, but is always less than that of the pyrite. 
If the rock be ground up and the sulphides isolated the white color of the 
arsenopyrite may often be recognized. For purposes of treatment arsenic must 
l>e determined by analysis. The analysis giviMi on page 142 shows 4.10 per cent 

of this mineral. 

Bnrite {BaSO,), heavy ^/></r.- Barite is in the* greatest development in the 
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Lead and Yellow Creek areas. It occurs in flat, blade-like crystals which have 
sometimes a clear glassy appearance with vitreous luster or a white opaque 
aspect. In the ores from the Lead area it is always of the latter variety and in 
flat crystals which form an interlocking aggregate and frequently exhibit a 
rough radial arrangement. At times its relative abundance is so great that it 
forms more than 50 per cent of the ore, and the crystals are generalh' about 
one-sixteenth to one-eighth of an inch in thickness and one-fourth to one-half 
inch in width. Extremely large crystals one-half inch wide and 2 inches in 
length were taken from the Hidden Fortune mine near Lead. Barite sometimes 
occurs in massive aggregates which may be readily recognized b}' their great 
weight and the peculiar pearly appearance of their cleavage faces. Crystals 
from the vicinity of Yellow Creek are generally glassy and line the interiors of 
cavities. This mineral is nire in the Bald Mountain and Garden areas, but was 
found in the Boscobel shoot between Fantail and Nevada gulches. It occurs in 
large, flat crystals 2 inches in width and three-eighths of an inch thick. It was 
the earliest formed ingredient of the ore, as the rest of the rock masses closely 
filled the interstices between the interlocking plates. In the ore from the 
Penobscot mine, in the neighborhood of Garden, small quantities of this mineral 
were observed. Barite shows no definite relation to the occurrences of the gold, 
but it is one of the most widely distributed minerals in those areas that have 
produced the richest ores, and is an indication of ver}' strong mineralization. 

FluoTite {Cal^^l^, — Fluorite is an invariable ingredient of the siliceous ores, 
although often in very small quantity. It frequently occurs in cubes lining the 
cavities in the ore. Ore from the Ross-Hannibal mine showed clusters of 
white, transparent cubes one-sixteenth of an inch in diameter. In some instances 
it is a brilliant-green color, but most frequently occurs in cubes of a bright 
purple. These are especially well developed in the Bald Mountain area. Besides 
the distinct cr^^stals, fluorite is disseminated through the body of the ores in 
fine microscopic masses which never possess crystalline boundaries. Where the 
ore is in contact with other rocks, such as porphyry or shale, fluorite often 
extends beyond the ore and lines the cavities and crevices in the adjacent rock. 

Gypsum {CaSO^,—Gyi^s\xm^ though not a common ingredient of the siliceous 
ores, occasionally occurs. Ores from the Double Standard shoot, between Fantail 
and Nevada gulches, showed irregular masses of gypsum, some of which are as 
much as an inch in diameter. F. C. Smith « also mentions gypsum as an ingredient 
of these ores. 

Stihiite {Sh^S^. — Analyses frequently show^ the presence of antimony, but it 
is only in exceptional instances that is in suflicient quantity to be seen. Siliceous 
ore^ from Yellow Creek and closely associated with tungsten deposits show large 



iTranK. Am. Inst. Min. Eng., vol. 27, 1897. p. 415. 
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masses of this mineral composed of slender radiating needles often 2 inches in 
length. They are embedded in the nilicified limestone and seem to be the earliest 
formed of the minerals present, 

Uranhim mica. — Ijargc quantities of a greenii^h uranium mica are reported 
to have occurred in association with the ores of the Ross- Hannibal mine in 
Whitetail Gulch. Uranocircite occurs in several localities in the productive mining 
region, and it is possible that this r»ccurrence is -similar. 

ALTERA Troy OF THE o/2£». 

The general appearance of the siliceous ores is so much changed by oxidation 

that the commonly accepted claHHification in mining circles is a division into blue 

or unoxidized ores and red or oxidized ores. The blue ores are those just described 

and grade by gradual transitions into the more oxidized varieties. All stages in the 

process of oxidation are well represented. The red ores are so called on account 

of the heavy staining with iron oxides that has resulted from the alteration of the 

pyi'it43 and the infiltration of iron from other sources. They are often of an 

4-itlr«*iMcly ferruginous aspect, but when broken the more solid portions are found 

Uj roiiLain but small quantities of iron oxide. Often the oxidation has begun 

uloiig tli«^ line of demarcation between the dolomite and the ore, so that a very 

i»aji«iw line of iron-stained rock intervenes between the two. Elxamples of this 

Willi; obbiU'vc^ in the Ross-Hannibal mine in Whitetail Gulch. In a few cases 

*ikuiy/AAi '/MiikM were observed adjacent to crevices in bodies of blue ore. The 

« liaugiio wbicli oxidation produces in the mineralogy are quite noticeable. Pyrite 

i.;: ihc tirt>L Uiineral to be attacked, and rapidly passes through a series of alter- 

iihtjiio ilmL iivcntually produce oxide^s. In most cases where the change is complete 

luiu h, it liul Jill, thii rtulphur has disappeared, or, if present, is changed to sulphates. 

Ill iiiuii> «il the iiViM are cavities lined with small druses of jarosite, which has 

iMiniitl bv ihii (ixidutioii of the pyrite in the presence of the potash contained in 

(lu u::i(liiiil .-^haiiis. (.'ulcite is an extremely common mineral in the oxidized ores, 

n. ijiu iilly ottniiing in huch large quantities that reduced rates for their treatment 

. .Ill i»i Mliiuiiiiil I lorn .-aUiiilting companies. It almost always filLs secondary crevnces 

M .jviiuo \sl»H'l» luivu been previously vacant, and itx practical absence from the 

i.lj.iiiili- uii .1 i- Tiruuii i^videucc that it has lieen one of the minerals introduced 

•N .'Mtli/.ih^ wiiUio. lUack oxide of manganese mixed with limonite has frequently 

..u lu.i.iils iiiUik1u4 1hI and iKHUirs in cavities and Hssures. Its derivation, like 

., WW «.iUitr, i-i pioliably due to the oxidation of the dolomite, in which the 

... ,, ui lloniiititiA Miiuctimcs occurs in distinct scales and crystals, but 

. ,. I .,.iiioal»U^ miuiMul. Very advanced stages of decomposition produce 

'luvuuit aiui »iil>couuhoidal parting that rrauses the ore to break 

V ..;ii^vi uui^Mv.. Suidi .structures are seen in the Big Missouri mine 

V >u^wuaI iiiuu' ill Nevada (iulch, and many others. 
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CHEMISTRY OF THE ORES. 

The following table includes four analyses of refractory siliceous ore: 

Analyses of refractory siliceous ores. 
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I. 
Sulphide ore. 


II. 
Oxidized ore. 


III. 
Oxidized ore.a 


IV. 
Sulphide ore.a 


SiOj 


Percent. 
75.23 
.13 
3.61 

} .^^ 

5.83 


Percent. 
65.142 


Percent. 
84.45 


Percent. 
68.748 


TiOj . 




ALO, .. 


3.924 

20.364 

.065 


4.07 
7.28 


3.072 


Fe,0, 




FeO 




Fe 




13. 289 


MnO 


Trace. 

.779 

5.711 






MgO 


Trace. 

1.75 

Trace. 

.05 

.05 

2.38 

Trace. 

.47 

.87 

.21 

.61 




.25 
.86 




CaO 




SrO 




BaO 






Na,0 


Trace. 
Trace. 


i 


K,0 




Li,0 






H,0— 105** 


.476 

1.839 

.832 

.073 






HjO+105*» 






P-Os 




.842 


SO, 


3.71 




CaSO. 


.833 


s 


5.85 
.62 


.279 




11 728 


Fl 






CaFla 






.784 


CI 


Trace. 
1.89 
&.02 
&.02 








As 


.010 
Trace. 
Trace. 






Sb 






Cu 














99.72 
.29 








Less for Fl 
















Total 


99.43 


99. 957 


100.61 


99.296 






Gold 


Oz. per ton. 
2.95 
4.75 


Oz. per ton. 

0.42 

.62 


Oz. per ton. 
0.574 
2.875 
8.426 


Oz, per ton. 
0.325 


Silver 


10.56 


Tellurium 


4.03 









aTaken from paper "Potadam gold ores of the Black Hills of South Dakota," by F. 0. Smith: Trans. Am. Inst. Min. 
Eng., vol. 27, p. 415. 
b Approximate. 
cEnough present to form telluride with the gold if not with the silyer. 



143 Ecoxomc RESorKCES of northern black hills. 

Aiudysb I is of sulphide ore from the No. 4 ^hoot. Double Standard mine. 
This ^pei^men was i-onipletely unoridized, showeil considerable pyrite, visible in 
the hand specimen. :?4>me arsenopyrite. kaolin, and other residual shaly material 
of tDdetemiinable character. Analysis was made by W. F. Hillebrand. It was 
not poi?sible to (.calculate the percentage of all the minerals present on account of 
the uncertain o^mposition of the shaly materiah but the following minerals could 
be easily estimated: 

Mtnfntl 'f.inf0*i*iii'in •>/ fulph'nU on' from Xo, 4 fhoot, Lkmlif Sliit%dar*l minf, 

Pyritt '.. 9.47 

Ar5*?nopyrit»i 4. 10 

Stibnit*: OCJ 

Flii«>ri tt 1 . 36 

Gypemii L 31 

Barite? 08 

Apatite:* 49 

Rutil^ 13 

Silii'a, together with detriial clay, etc 82. 46 

Total 99.43 

The potash, alumina, and trat^es of lithia, magnesia^ and strontia are probably 
contained in the shale. Phosphorus has been estimated as apatite, on account of 
a slight excess of lime over that necessar}* to ix>mbine with the residue of SO,. 
Apatite could not be distinguished as such, but as phosphorus is present in the 
unmineralized country rock and ore in approximately ei)ual amount," and so often 
occurs in shales, its presence may be justly assiuned. TTie titanium may like- 
wise ^K> present in the shaly material, possibly as rutile. The pen^entage of potash 
in this analysis is rather unusually high, and, taken in cvmnection with the 
aluminum, might l>e reganled as indicative of orthoclase. Assuming the presence 
of orthiK'lase and aUmt :Ji per ivnt of kaolinite, there would be about ^} per 
cent of free silii'a. 

Copper never inxnirs in any oi>nsiderable i|uantities and in much of the ore 
can not U* vlettvtwi at all. Ai'senic is pivstnit as Hrsenopyrite and antimony as 
stibuite. iiv>ld and silver i^u not U> identititnl by the uucn>si\>jx\ but tellurium 
is present in sutHcient i|UHntity to inuubine with thoiu t\> form tellurides. This 
is also shown by Pn>fessor Suuth, who has caleulattHl the iH^n^Miiage of telluriimu 
gold, and silver and shown I hem to U^ pm^eut in the pix^|K^rtious requisite for 
the comjx>sition of sylvanite* Thotv >HHNm!H to W little n^ason to douU that gold 
ami silver are pi-estMit in this eonibiuatiou. One of the most imiH^rtant features 
of this analysis is the v^nnplete ttKsen^H^ of i^urbon dU^viile Hud the v\>rr\^s^K>ndingly 
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low percentage of lime, manganese, and ferrous iron, showing that the soluble 
constituents or carbonates have been almost, if not completely, removed during 
the process of silieification. 

Analysis II, of oxidized ore from Blacktail Gulch, was furnished by the 
courtesy of Mr. Dorr, of the Golden Gate Mining Company, and is published by 
permission of the company. This analysis is chiefly interesting as illustrating 
the chemical changes brought about by alteration. The great increase in iron 
oxide, lime, and magnesia, with the corresponding fall in silica and sulphur, are 
the most conspicuous features. The increase in iron oxide, lime, and magnesia 
are probabh' due in large part to the intilti^ation of these ingredients from with- 
out by the action of surface waters, the iron in the form of oxides and the lime 
and magnesia in the form of carbonates. The moisture is also much higher. The 
other ingredients have probably not suffered appreciable change. 

Analyses III and IV are of oxidized and unoxidized ores, respectivel}', and 
show in general the same series of changes, but in this case the blue ore, IV, is 
much more basic ore than III, so that the increase in iron would at first seem to 
be reversed. In general an examination of about 35 analyses furnished by the 
Deadwood and Delaware Smelting Company showed a range in silica from 60 to 
86 per cent and of iron from 5 to 17 per cent, or an average of 73.36 per cent 
silica and 12.17 per cent iron. 

It is difficult to offer any satisfactory explanation of the failure of the gold 
in these ores to yield to ordinary methods of extraction. In the case of the bkie 
or unoxidized ores its probable combination with tellurium may be considered a 
sufficient reason, but for the red or oxidized variety, or the blue when subjected 
to a thorough roasting, by which it is to be supposed that the gold is either 
wholly or at least in part released from combination, this will not answer. That 
the gold is, as originally supposed by Devereux, in an extremely fine state of 
division and is uniformly distributed through a ruck not readily permeable by 
solutions and yielding with difficulty to crushing may be offered as a partial 
explanation of the refractory nature of the ore. It must, however, be admitted 
that with all of the endciivors to solve this problem the exact condition in which 
the gold exists in these ores is not well understood. 

VARIATIOXS FROM THE USUAL TYPE OF ORES. 

Four varieties of ore are found intimately associated with these siliceous 
ores, but can not be considered characteristic. 

Auriferous dny. — In the Mogul and Tornado mines there occur, interbedded 
with the hard siliceous ore, bands of a soft white clay which frequently carry 
higher values in gold than the main body of ore. Seams of this kind are reported 
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to have contained at times from $40 to $60 per ton in gold and to have yielded 
free gold on panning. 

It is not possible from an examination of the material to form any very 
definite idea of its origin, but the clayey matter is probably the result of the 
decomposition of intercalated shale or of small included layers of porphyry. For 
the introduction of the gold the writer can suggest no satisfactory explanation 
unless it be the result of the secondary action of surface waters on the ore mate- 
rial above. 

Auriferous sand, — Below the ore and lying in the quartzite in the Wasp 
No. 2 mine in Yellow Creek, or directly upon the Algonkian in the Dividend 
mine near Portland, was found much loose incoherent sand containing considerable 
values in gold. In both cases it was partially cemented by limonite or carbonates 
and often yielded very high values. When washed and examined under the 
microscope the grains of sand from Yellow Creek were found to be loose and 
often perfect crystals of quartz and only held together by the cementing material. 

Auriferous gouge, — In the Dividend mine, near Portland, much of the decom- 
posed dolomite is heavily charged with oxides of iron, together with some sandy 
fluorite and manganese. It carries workable quantities of gold. The values 
are, however, always lower than those of the silicilied rock occurring in their 
immediate vicinity. It is not improbable that this gouge material is the result 
of both primary and secondary mineralization. The presence of fluorite, which 
is a mineral that often extends beyond the limits of silicification into crevices 
in the adjoining rocks, suggests that the values were partially introduced into 
the dolomite at the time of first mineralization; the presence of manganese, that 
a secondary concentration of such values by surface waters has taken place. 

Quartzite ore. — ^The quartzite that underlies much of the siliceous ore of the 
lower ore-bearing beds contains a high percentage of carbonates, and it is not 
infrequentl}'^ mineralized so as to form pay ore. It is never as high in grade as 
the ore that lies above it, because there is more insoluble material in the original 
rock than in the purer dolomite beds above. 

AREAL DISTRIBUTION OF THE REFRACTORY SILICEOUS ORES. 

The productive areas of refractory siliceous ores are five in number (see 
PI. V), and have been severally designated the Bald Mountain area. Lead area, 
Yellow Creek area, Garden area, and Squaw Creek area. The last-named area was 
at the time of examination little more than a prospect, but has since become an 
important producer. 

BALD MOUNTAIN A BE A. 

This is by far the largest and most important area, and has justl}^ been con- 
sidered the type district for this class of ores. Its name has been derived from 
Bald Mountain, which lies at the center of the northern edge of the area. 
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As Will 1)6 seen from PI. V, it is a northwest-southeast striking belt of about 

mile In width and 4:i miles in length. As it corresponds closely to the inner 

rim of exposed Cambrian stmta, it lies between the contact of that rim with the 

^mdfirlying Algonkian on the northeast and the nearly parallel line of contact of 

111© Cambriiiii with the overlying Ordovician on the southwest. Across this belt 

[.the Cambritni beds have a general downward inclination from northeast to south 

fmt, Thev have been eroded from the higher portions of the Algonkian area 

lu the northeast (with the exception of a few isolated outliei*s), and pass on the 

liimth beneath the heavy, overlying rocks of the Ordovician and Carboniferous 

formation i3, 

Thi^ belt of Cambrian rocks extends on to the southeast beyond the present 

^ItiuiU of the productive area, but is cut off from the Yellow Creek area by the deep 

^-Iforge which the waters of Whitewood Creek have cut far down into the Algonkian. 

Toward the northwest the Ordovician and Carboniferous approach much nearer to 

llii^ edge of the Algonkian area and the rim of the Cambrian turns toward the north. 

[rt }u Tinrth*^rn end, in the vicinity of Crown Hill and Portland, the Cambrian is 

■1^^ expoued in nearly its full thickness, so that as yet it is only the lipper ore-bearing 

Igm^^beds that have been thoroughly developed. As will appear from PI. IX, great num- 

^^^ hers of intrusive sills, dikes, and irregular bodies of igneous rock are interbedded 

with the Cambrian rocks of this belt. 

The topography of this area is very rough and irregular, the steepness and 
irregularity of the gorges having been much accentuated by the presence of erup- 
tive bodies, which have offered great resistance to erosion, while the softer inclosing 
Cambrian rocks have been more readily removed. 

From a northwest-southeast line through Terry Peak the drainage is to the 
southwest into Spearfish Creek, to the northeast into Whitewood Creek and to the 
northwest into Squaw Creek. 

The headwaters of the southwest drainage appear just at the edge of the area, 
and have cut down through the Carboniferous rocks into the Cambrian, leaving 
heavy cappings of the former on the divides between the streams. The northeast- 
ward drainage comprises a series of gulches which empty into Whitewood Creek. 
These streams head up into the Cambrian belt and cut down into the underlying 
Algonkian, so that the lower ore-bearing beds, which are about 10 to 25 feet 
above the Algonkian, outcrop in a very sinuous line, and allow long, narrow 
embayments of Algonkian schists to extend far up into the mining district. The 
southeastern portion of the district has been more deeply dissected, so that the 
ore-bearing beds have here been rendered easy of access on the divides between 
these gulches, especially on Nevada, Stewart, and Whitetail creeks. In the north- 
eastern poition, erosion has not progressed so far, and the lower ore-bearing beds 
4987— No. 26—04 10 
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are still in large part deeply buried, the so-called upper contact having been 
most extensively developed. 

With relation to the ore bodies, therefore, the area may be divided into two 
portions — the Ruby Basin district and the Portland district. In the first-named, 
or southeastern district, the mines are largely upon the lower ore-bearing beds; in 
the second, or northwestern, largely ujwn the upper. The mines of the Rub^' 
Basin district are operated mainly by one companv — the Golden Reward. Two 
mines belong to the Portland Company, namely, the Big Bonanza and Buxton, 
while a few small mines are operated by individual owners. These relations may 
\)e clearly made out from PI. IX. 

RUBY BASIN DISTRICT. 

In the Ruby Basin distrit't there are a large number of long channel-like ore 
iKxlies or shoots resting on or near the basal Cambrian quartzite and trending as 
a whole in a roughly north-south direction. Thase ore bodies fall into two dis- 
tinct groups, within which ore shoots are situated relatively close to one another. 
These are the Buxton-Union group and the Alpha-Plutus-Mogul group. 

BiLctori' Union group, — This is the more easterly of the two, and comprises 
\fi mines. Naming them from the east to the west, beginning on the north, these 
an»: The Buxton, Retriever, Steward, Tony and Maggie, Golden Reward, Big 
lionanza, Little Bonanza, Gladstone, South Golden Reward, Fanny, Isadorah, 
Hundunce, Billy, Ruliy Bell, Lucille, Union, and Ross-Hannibal (or Mikado). 
(Hei*, 'map, PI. IX.) The ore shoots operated in these mines number 39 in all, of 
which *il ttri< large and (extensive and the remaining 18 comparatively insignificant. 
Th«5 goriemi tren<l of these shoots is about north-northwest, with a few large 
iiiU'TMiiftirig nhiMits trending N. 25^ E., or nearly so. 

Thu oie-^H^ring ImmIh upon which the mines of this group are situated are 
iM'l <'4iiitiiiuouto in a north-south direction, but are cut through by Fantail and 
^li^waii \lu\i\\\i^H^ so that the ends of the ore bodies outcrop on either side of the 
«livult*. >^i.|mniliiig those streams, rendering them easily accessible. The ore- 
iiriii iiijj bi^dni, luiwitvor, are at a much lower elevation at the southern end of the 
•jMMi|^ -)() I hut I hi) tthoots in the Union mine have been worked by means of a 

hutt. 

At lh^^ MMittiuri) uiui of the group a large sill of phonolite has been intruded 
III ihr < jiiubriHii, liiul (extends westward as far as the Fann}- mine. It may be 

, .Ml iimkiii^ aiuuia cliirs In Stewart and Whitetail creeks. South of Whitetail 
(iulrli iliH ^ill \\Wfs cut \\\Ks orelNmring beds into two portions, so that the shoots 

.: ilir I iiioii iiiiiio lio luUow and that of the Ross-Hannibal al)ove, the phonolite 
. "im«j 111 I hi' Olio ra;fO the roof and in the other the floor of the ore. The 
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workings of the Isadorah and South Golden Reward are also above the phonolite, 
but they rest upon the quartzite so that (as ma}' be seen in the Billy tunnel) it 
is evident that the phonolite has cut downward toward the west and included all 
of the ore-bearing beds above itself. This sill is extremeh' irregular, and pre- 
sumably terminates at the northern end of the South Golden Rewai-d, where it 
extends upward in a dike-like mass sepamting the ore bodies of the north and 
south end of the Golden Reward. It extends northwest, however, beneath the 
southern end of the Big Bonanza, and sends out a dike toward the north which 
separates the Big and Little Bonanza mines, the former being about 50 feet 
above the latter. The ore bodies of the North Golden Reward and Tony and 
Maggie outcrop in the south side of Fantail Gulch, and are on the lower Cam- 
brian quartzite, which is separated from the Algonkian by a heav\^ sill of 
eruptive rock. The Big Bonanza is at about the same elevation, and is separated 
by the same sill from the Algonkian. Owing to the abrupt termination of the 
thick phonolite sill previously' mentioned, the ore body of the Fanny mine is 
much lower in elevation than that of the mines directly east, and it is at about 
the same elevation as the shoots of the Alpha-Plutus-Mogul group to the west. 
The shoots of the Little Bonanza outcrop just west of the Big Bonanza, and are 
much complicated by irregular porphyry bodies. As their relations are more 
fully discussed on page 187, they will not be further mentioned at this point. 

Alpha- Plutm- Mogul group. — This group is separated from the more east- 
erly, or Buxton-Union group, by a wedge-shaped area of comparatively barren 
countr}' situated with its broader end toward the south, so that the two groups 
approach each other on the north, but diverge in a southerly direction. This 
group comprises 14 mines. From east to west beginning at the north, they are 
as follows: Clinton, Alpha-Plutus, Smil}- and Lundt, Bottleson, Tornado, Little 
Tornado, Double Standard, Boscobel, Daisy, Harmony, Hardscrabble, Welcome, 
Upper Welcome, and Great Mogul. There are 71 shoots in all, of which about 
25 are of large size, the remainder being small, though yielding collectively a 
large amount of ore. One, the Tornado-Mogul shoot, is larger than any yet dis- 
covered. With two exceptions all of the ore bodies of this group lie in the 
lower ore-bearing beds close to the Algonkian, or not more than 30 feet above it. 
Two small ore bodies, the Daisy and Upper Welcome, the first situated on the 
divide between Fantail and Stewart gulches, and the second on the north side of 
Nevada Gulch, are on an upper contact, which probably corresponds to that of 
the upper ore bodies of the Portland district. 

As will l)e seen from PI. IX (p. 214), the shoots of this group trend northwest- 
southeast and are comparatively^ close to one another, relatively few of them 
being disconnected. The group is broken into two portions by a heavy fault 
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by which the ore-bearing beds on the west side are elevated about 300 feet and 
offset against the higher measures of the Cambrian. On the lower, or east side, 
of the fault the same beds are offset against the Algonkian. This fault appears 
as a single and clearly cut displacement in the west workings of the Troy shaft 
where it has been well exposed in the several crosscuts that connect the Horse- 
shoe shaft with the stopes of the Great Mogul. From this point it passes 
northeast, but becomes in part divided into many small step faults between the 
workings of the Hardscrabble and Tornado mines; thence it runs north across 
Nevada Gulch separating the workings of the Alpha-Plutus from the small tun- 
nels of the Smily and Lundt mine. This fault is not clearly defined on the sur- 
face, because there are so many complicating masses of intruded rock that 
distort and confuse the relations of the strata. It appears, however, in Nevada 
Gulch at the point where the Fremont, Elkhom, and Missouri Valley Railroad 
makes a horseshoe bend, the Algonkian extending far up the gulch but coming 
against the upper Cambrian at this point. Just south of Nevada Gulch this fault 
is immediately on the west side of a large dike of eruptive rock, but diverges 
from it in a southerly direction so that in the Troy workings the two are sep- 
arated by an intervening area of about 800 feet. That this fault diverges thus 
from the porphyry suggests that it is widely separated in age from the intru- 
sion, a fact that is well borne out by other evidence. A second fault also appears 
just west of the Mogul shoot, at the extreme south end of the group, and on 
the west side of the large porphry dike that extends north as far as Nevada 
Gulch, forming the western boundary of the great Tornado-Mogul shoot. The 
downthrow of this fault is to the west, the reverse of that just described. It 
lowers the ore-bearing beds fully 100 feet at the extreme south end, but gradu- 
ally dies out northward until, at a point about the center of Fantail Gulch, it 
has completely disappeared. A third fault occurs at the north end of the group 
about 300 feet east of the 300-foot fault and with the central point of its course 
just below the bed of Nevada Gulch, the downthrow being about 72 feet on the 
east. It has a general north and south direction, but curves to the west as it is 
followed south, cutting the Tornado shoot into two portions and uniting with the 
300-foot fault. Upon the fault block thus formed are the north end of the 
Tornado, otherwise known as the St. Louis shoot, and the most westerly ore 
bodies of the Alpha-Plutus. As may be seen by consulting PI. IX, only three 
of the shoots of the part of this group below the 300-foot fault show in outcrop, 
the gulches not having been cut deep enough to dissect the ore-bearing beds. 
Of these three the Clinton outcrops in Nevada Gulch, but as it is about 
midway between this group and that first described it can not be rightly said to 
belong to either of the two. The other two, the St. Louis and Upper Alpha- 
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Plutus, are on the small elevated fault block and outcrop in Nevada Gulch. The 
remainder are all deeply buried and have, therefore, been worked by means of 
shafts. The relations of these faults to one another may be understood by 
consulting Pis. XIX and XX (p. 214). 

West of the 300-foot fault the ore shoots outcrop all along the south side of 
Nevada Gulch. Two mines, the Little Tornado and Harmony, outcrop also, one 
on either side of Fantail Gulch. To the southwest, however, the ore-bearing 
beds are not exposed and mining is carried on by means of shafts. 

PORTLAND DISTRICT. 

With one exception — the Dividend mine — the ore shoots of the Portland 
district are on the so-called ''upper contact." They are separated from the 
lower ore-bearing beds by a vertical interval of 527 feet, and are about 15 to 25 
feet below the Scolithas or '* worm-eaten" quartzite. They comprise a series of 
shoots all closely grouped together and striking with almost no exceptions about 
east-northeast, thus showing a marked difference in trend to those of the Ruby 
Basin district. The following mines have been operated: Dividend, Decorah, 
Trojan, Empire State, Folger, Perseverance, Alameda, Leopard and Jessie Lee, 
Mark Twain, Burlington and Golden Sands, Clinton, Portland, and Gunnison. 
There are about 46 productive shoots in this group, but they are so often connected 
with one another that it is difficult to say where one ends and the other begins. 
The ore-bearing beds dip slightly to the southwest, so that they outcrop around 
Green Mountain and westward just above the two railroad lines at the head of 
Squaw Creek, and also at the head of Nevada Gulch. To the southwest they 
are more deeply buried. These shoots are as a rule rather broad and flat as 
compared with those of the Rub}' Basin district. Little or no faulting occui-s, 
so that the geological relations of the group may be readily appreciated from PI. 
IX (p. 214). The lower ore-bearing bods outcrop 527 feet below, at the base of 
Green Mountain, around the head of Deadwood Gulch. The workings of the Divi- 
dend mine are situated here, but have not yet been extended sufficiently far to the 
southwest to fully explore this contact directly below the upper workings, and 
it is therefore not possible to say whether the presence of these ore bodies on 
the upper beds may be considered as evidence that a correspondingly productive 
group of ore bodies will be found below. The ore from this group is in 
much thinner shoots than that occurring in the Ruby Basin district, and the ores, 
taken as a whole, yield i-ather lower values than the general run of lower 
contact ores. This difference in value is especially noticeable when the compar- 
ison is made between them and the ores from the Dividend, which belongs to 
the same group. Ores from this mine yield between one-third and twice as 
high values as those from the upper group. 
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Hearr >ills of emptire rock lie at \-arying du4tance.s below the beds upon 
which the niioe^ of this ^rroup are operated, and the summits of Green Mountain 
and the hilU to the ifouth are capped by a ma:ss of the same character. Dikes 
are noticeably absent from the workings, only one having been encountered. In 
the workings of the Dividend, however, the dikes are extremely abundant, a 
fact which shows that there is a strong tendency for intrusives to assume hori- 
zontal positions as they ascend to higher horizons in the Cambrian. As compared 
with the Ruby Basin district the absence of dikes in this area is significant, as it 
shows that the occurrence of these ores is in no way dependent on their presence. 

Besides these large groups of ore liodies there are several isolated mines that 
may properly 1^ classed as in the Bald Mountain area. Two of these are in 
Ne\~ada Gulch, about midway between the Ruby Basin and Portland districts. 
These are the Baltimore aud Ben Hur. The former has a series of small shoots 
lying on the lower i^ontact, which is at this point some distance vertically below 
the lied of Nevada Gulch. The workings are largely to the south of the gulch. 
The Ben Hur is si>me distam^e farther down the gulch, just at the head of the 
Algonkian exposure (see PL IX, p. ^14). A small north-south fault has lowered 
the strata on the west so that the single shoot of thi< mine is worked by means 
of a tunnel through the Si*hist. 

The area lH>tween the Alpha-Plutus>Mogul group ami the Portland group 
is alK>ut Sj>K^ fet^t in width and has Ikh^u quite extensively prospected, notably 
by the Snowstonn mine« but as no other than the>e two ore bodies have been 
found it seems not inipn^liable tlmt it umy ci>nstitute a i^omparatively barren area 
like that In^twetMi the Buxton- Tnion and .\lpha-Plutus>Mi^ul groups. 

Another isi^lated uuno is the Two «lohns« oiH^rat^Hl ihi the lower ore-bearing 
beils which outcrop on the west side of up|H'r S^uaw Crvek. The shoots trend 
east-northeast, Imt art> all i*omj^u*«tively snmlK A little or\* has also been found 
in the South l>akota mine in Aniue Trtvk and jit other (K^ints along the course 
of Sijuaw C'nvk, notably in the U^hnuU^r mine, hui thi> wt>stern jK>rtion of the 
Bald Mountain an^a has not yet tn^en lIuMxmghly pixxs^nvtivU thvnigh it may in 
future become priniuctive territon. 

The mines of the Ganien ami aiv sii\mhMl \\\ lUaoktail auvl Shtvi>iail gulches, 
and at the head of a small tributary t»f KhJm^ UotMiu i^vek »Unit iw^wthird- of 
a mile east of south fnnn (iaixleu. To tlio ^outliw^wt lios ilio Al^'vmkiMn nucleus 
of the northern portion of the hiUs, To tlio \\\m\\\ \\\k^ ^hmuhtx i> vworwi by a 
heavy cap of rhyolite which oKscuivs the ^t^lH^ioh•. ol' (Ko i^Mu^nnu -truia. Still 
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farther north the Cambrian passes beneath the overlying formations. The strata 
dip quite sharply to the northeast and are covered by the rhyolite cap before 
mentioned. The relations of the stmta are much confused by irregular intrusives 
and by a series of small north-south faults which elevate the ore-bearing beds on 
the west side. The following mines have been operated in this area: Penobscot, 
Golden Grate, Wells Fargo, Kicking Horse, Keystone, American Express, Chicken 
Lode, and another mine of considerable size whose name is not known. 

The trend of the shoots is al^out east-northeast by east or nearly east-west, 
although there is considerable divergence from this direction. The shoots are 
somewhat narrower than those of the Hald Mountain area, but generally of con- 
siderable length. The grade of the ore is comparatively low on account of the 
prevalence of shale bands in the ore, but some high values have been reported. 
Dikes are seldom if ever encountered in the workings. The exposed area of 
Cambrian upon which these mines are situated is very limited, and it is not 
known how far the ore-bearing beds extend beneath the rhyolite cap to the 
northeast. 

LEAD AREA. 

In the vicinity of Lead there still remain uneroded on the crests of the 
Algonkian ridges a few small isolated outliers of Cambrian strata. A heavy sill 
of fine-grained rhyolite caps the Cambrian, leaving a varying thickness of shales, 
dolomite, and conglomerate between it and the Algonkian, but as we approach 
the Homestake zone, first this rock and then the basal conglomerate thins out so 
that the ore-bearing beds lap over first upon the conglomerate and finally 
directly upon the schists. The ore bodies are exposed at the surface upon the 
westernmost edge of this area, but lie l)eneath the shales in an easterly direction. 
Much of the ore from this district contains great quantities of barite and is 
uniformly rich in gold. From the Hidden Fortune mine was taken ore which, in 
addition to its refractory content, yielded immense quantities of finely diWded 
and crystalline native gold. From the thin parting of ore-bearing beds above 
the De Smet cut, and l^olow the rhyolite cap, great masses of very rich siliceous 
ore were mined, while to "the west of the Homestake open cut the Big Missouri 
mine has yielded great quantities of ore of the same character. In those mines 
where the conditions permit of their determination the fractures with which the 
ores are associated conform in strike to the lamination of the underlying 
Algonkian schists. 

YKLU»W (REEK AREA. 

This area is situated a little more than 2 miles slightly east of south from 
the city of Lead. 

The ores are found in a thin capping of Cambrian strata on the divide between 
Whitewood Creek on the west and Yellow Creek on the east. Above the Cam- 
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irrma: f^j^Mjt kt aa <rjEUro>»ive i»ill of fine-grained rbyoiite which attains a thickness 
\f li>t' Wt »» u i» foUoved in' a southerly direction. A small detached area of 
ViW -tnf^re r*Mk mmift» ooeroded to the north and there forms a small elevated 
iuxviL Btdimttten thi» knoll and the larger southern mass of porphyry the 
CMmrino: as^imtun^ Imt uncovered* and within this area — generally not more than 
^1 &M i^Ajw tb0t HirfmcH — ha%-e been found small but rich bodies of refractory 
^iiiivtA«ur '/nr. Fartisier Ui the north on the extreme end of the divide is a large mass 
^4! y/ujwAhitK fjhL intruded irregularly into the rocks of the Algonkian. On the 
ftvtftOfidiKt e^dMr *A Y«A\fiw Creek small areas of Cambrian still remain upon the crest 
^ w^ -e, viiftr •iirtw#*n that creek and the west branch of West Strawberry Creek. 
ibiiUA9'«nir ^j€'>yt isdir*: periLtentlv been found on this divide, but have not yet been much 
^tcY^/f^t^ Tbi^ or** of the Yellow Creek area lie directly upon the basal quartzite 
\f. znn^ ^jumr^imii auvi about 15 to 25 feet above the Algonkian. They follow fractures 
v*^'J.i^ ^xxtfrwkmi in their direction, but the more extensive shoots generally trend 
5f*€fai:w^-^ %iA ^AitiM^tuat, foUowing the strike of the Algonkian rocks. In the greater 
Aiuu.-'^iir^ *A xktf: aiinie» the loose incoherent character of the roof has completely 
^jrjKi^i.f^l tB^, «#i(/p(ying fractures. The average value of the ores is about $40 to $50 
S0rie^ f/zd^ Ia dvr Minnie mine the grade was much lower and in other mines much 
<u^u^. V\f^mt0t h^ generally not a prominent constituent* but barite occurs with 
%P»!S^. ff^/lWrOfry. The mines which have so far been operated here are the Donelson 
te%i'r:^j€^ ^'*ep No. I. Little Pittsburgh, Two Strike, Minnie, Little Blue, Little 
yiiim if%i^^, Wai^p Xo. 2, and Wasp No. 4. 

Tiii*: Y^-lUfW Creek district, though a ver\- restricted one, has been extremely 
fr'yLw<fJv*r on a/x-fxmt of the high average yield of the ore. The district is closely 
ftciaf^'i r>/ that rwar Lead. The grade of the ores in both cases is high: the occur- 
fcfu^jr '/f ^M^tiM^ and tungsten minerals is similar, and the two areas bear the same 
^fKta^f^ ryihauffi U) the strike of the Homestake ore body. To a less extent it is 
miulltt.r\ V r»rbUM<l to Garden area. 

S^tAW CaKKK JLKlU.a 

ThU af»^« L> situated in Squaw C\eek, a short distant east of its junction with 
TT^^nJiiati <>»f#?k. It i> one of the few whert^ mining lias Uvn U^guii in the bed of a 
.l/rfc(/ '4**r*4^, with a very narrow outci\>p of Cambrian chpjhhI by heavy Carbonif- 
icf*^,.^ »iiilU. Vi that mining will soon carry tho workings InuK^ath >rrt^at thicknesses of 
ov^rrl^iiij^ ro#:kj*. X few vertii^aU may hor\^ 1h> swn ami s\uuo small Kxlies of ore 
fcav*^ \,t^.u *'fMfountered in the Clei^patini nnm\ although at a anisklerable distance 
atj*#v#r th#: \m^. of the series. In view of tho heavv nuiiomli/atioh of the overlying 
rJaffj^ir«if«rou/i it is not improbable that oiv UhIuv* of workublo si/v luay be found 
^t^.fh. At prws*^nt it Is little mort> than a pi\KH|HH^t. 

»AUmrtUlm paper fuul K«in*f U. prvw C C 0'U«tfm*>i jmitf ' Uu* miiuml \\m4Ul4v»l iho HU.k IIUU*, w«s ntcvired, 
^»mtm Oi*t 0%Ut «*«i»w ir^\L arwi had become au lnipurt.ua lOxnUiwr *luov iWi. s^ uu 4 s WUkI Oh» r^^Km. 
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8UMMABT. 

The refractory siliceous ores are restricted to certain soluble strata of the 
Cambrian series. Such development as has taken place has naturally been directed 
to those areas of Cambrian strata where erosive agencies have rendered the ore- 
bearing beds most readily accessible. 

The Cambrian rocks are not widely exposed, as they yield readily to erosive 
agencies when unprotected by a capping of massive limestone. They therefore 
remain only as a rim around the inner edge of the Carboniferous (see Pis. V 
and IX), and rapidl}- thin inward until only isolated outliers remain upon the 
Algonkian highlands, or they pass outward beneath the heav-y massive rocks of the 
Carboniferous. In the former case ore-bearing areas are isolated on account of 
the removal of the Cambrian strata from the intervening country. In the latter 
case the ore-bearing beds lie so deeply buried that it is difficult to say how far in 
these directions the mineralized area may extend, and exploration involves a 
greater expense than the uncertain conditions would seem to justify. 

VALVE OF THE ORES. 

The gold contents of the ores in the Bald Mountain area run from $3 or $4 
per ton to, in rare instances, $100. The general average for the ores in this 
district is about $17, and those containing from $10 to $20 are of the most 
common occurrence. Ore carrying $35 per ton is considered high grade. Some 
of the ore from the Ben Hur mine yielded upward of $60 per ton in gold. As 
compared with the ores of the lower beds those from the upper contact are 
slightly lower in grade, so that much of the ore is often left in the mines. The 
ores from the upper contact have also been reported to cany a higher relative 
proportion of silver, but although this is true in individual instances, in general, 
silver ores are as frequent in the lower as in the upper beds. The distribution 
of the values in the ore is far from uniform. Ore which carries $25 at one point 
will fall, within 10 feet, to rock yielding onl>^ $10. This is especially true of the 
upper contact. In general, the larger ore bodies are of lower but more uniform 
grade. No general rule as to the distribution of values in a single shoot can be 
laid down, for the portion near the suppl^nng fracture is sometimes higher and 
sometimes lower than that farther removed therefrom. The extreme ''rims" of 
the ore are generally lower than the main ore mass. In the Tornado mine the 
ore in the vicinit}^ of the complex of dikes and faults north of the shaft 
carried higher values than that in the less disturbed beds to the south. In the 
Ross-Hannibal mine, on the contrary, the ore carried very high values and the 
shoot was remarkably uniform and undisturbed. The larger ore bodies often yield 
increased values where they are joined by smaller shoots entering them at an 
angle. Instances of this are to be seen in the Tornado mine. 
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TW larw >ttau:er cirvnts of >ilkreous or^^ Yellow C'rifek. LmuL and Garden, to 
UH^ >*eNi; of taw K^ntne^cii^ ore xxiv^ or ifc^ contincatioo. product? ores of onifomilr 
hi^Otrr ^^nAfie 1021:1 UK^siae frvtt the B^d Mo(int:im coantrr. Thoi?e of the Lend 
luviik >ucQ dfes the IS^ MisAHJETU l>irmii^>. and Harrison, riekied ore;* cnrrrin^ 
•vc>*e^*u ^o *iixi ^o*"*' per ^*tt: 3HA:b or^ w:i;^ >iiipped that carried an afen^re of 
3^K' i>^*{ t^Hi. l^^ unii>ti2fcl :tt^^t^uK>^^ are the Hidden Treflk?ure. Golden Crown. 
.iiivi U»v^^ !uiii*rT< Lvrti*>tn> of tie l>iraas^> and HarTO4.Hi aLs«> prodii»!e*i ore coo- 
Uiiiiihj; *ar%;e •4a2iilCit:%^^ of frve ^ue besides that in the refrai.tory condition. 

rv ^r^ipie lerv raa s^* infe.* the theus^amir:^ so that one car *jt !•> ton."^ L? reported 
K> JAW > ieiuvu ^5t>vv M'. H%o-orr,||iiif .^rv^ jje afeo foond in YeU)i>w Creek wfam« 
A v.v«i^ervativ^ Avvraktcv tvr ores ierva?6.»ce aimed Ss ♦^'^ to fe» per &:>n. 

r^e Onrvitfu area. %bich betirv tfie smse ^oeral retatxoa to the cixiCmaation 
v»f the Hi.>ute5>taie :i6- Jk* the Yellow Criwk and Lead »iii?tr!i*c>w also 'tarried iome 
orejv >%ith rvutark:i:>i\ litch vaiuiesv 'Hic the ^neral arerage in thi^ .fia?criLt l«^ doC 

li^h oil :ftcvvuiit oi the 'ar^ amount jI was>ce in the ore «tni> to the ^reafier 
i>r^»t.»oritvm ^>i xiiale '^auds^ in tae ore-i^earinic be^ 

rh\- Ti>»(i'iunte^ iia\e Hwtt >howti ix/ t*? oider than ^me of the ♦?nipcive biidies^ 
:uiu >ouu)(er than oiher^v Wber*? frtfcctures cut eruptivM»> illin^ *ii: ore exfimd 
uuiaierru(K«^ii> rroiu toe main ow bwdv into and chrouirh the porphyries. Mineral- 
izHliou ^ou;( fnfcciure«s that aw cut n erupcive^^ :iaB> alMrays. ^xert:ii?ed an iniftieni.*e 
ou ih\^ porpho. either n producimc a >u«thi >ilieiik-aciou at the pome tt •.-ontairt 
or 'H the exteuoiv^u oi ihe Jiorv powerrui of the riiineRuizersw iike dnurite. 
vvouu I he ore uiiu tiw *itiuut«: cre^iv^^sof the eruptive* ?rxk. Er-iprive^ bs^ve 
!ie\ei x»vu oUierved lo vvuuuu ^tt^uiar fraiciueucs of ore. viiica -vouid pmhahiy 
iui\e veu iiK' vik<^ iui^ !ua|j^iuas^ >r».NLeii throu^u >U)cti .ut 'xcreuiety tncde jiacerhiL 
rhea< -vudiliouc^ laM* vci* ^^iv^^H^ to loiu ^oovi 'tT .ui of :ae .-anedisf ot 
^'lupu^t' *\H:iv. IV tuilK'iHiiAa.K>u iss. ttterefore* ater ntut rtie icTie«>u> jctrvity. 

-Vn 54iKVU^ •'^N.iv'v viU ^iiiUi of UK* Ik^iiLoii \.'rvcaK^>u2^ utc \Hf»*oie^- of thtf 
suiic *\H.fv 'lavt* Kvu '\>uiKt Ml tiK* 'ias>a* s.xH*;^k»utenue^ *i tiie V'«x>*ae "t wouM 
><reai ^OdA :ae :iuiiciH4t/HiKui ^kcuuvU >oiiK'HfK^tv viHt^u "av I^ticou uid che 
Xc^v^-vuc .u*u t ;K>*i>^*i^\ ♦vpi%'<»i.'uix Miv iHuii ;»iiuc< 'I . *iicmtk>tu Uiat wac- .:»jtt- 
xiuiitaai ^%iitt tiiv i»ie\a4io4t o; tiw l^iwiv HiUv. T^in ^o ur*^^^ -%:iut uit? Lauionaa 
•vass >Uil leepo HAiicu 'Vucaia -^v vowiUi;^^ v»i !alv4 -^'iHuaiv u>. 

:o 'ne »i-i^iu ot rhea< v»u».v taiK 'uumv^\» viH»x>i^^ NWii v^tUvt* vuue^'A' "tit- uaiuier 
"ti 'VLU«;ki the '>re>- :ia\o 'kvu 'oiU4s\u <iui tluit ^wiuva '%ta%v.rv i; tiv >oa.rr?r fnitti 
vuicii :n%f or%« Tuiu^^'&ul:^ 'ih\%' 'k<u xU>u\«vL (>w ivxi 'h^ U' u> '%!tu '.qi« aaiiipK^ 
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that have taken place in the country rock through the agency of mineralizing 
action, and with the chemical and physical nature of the process b}' which these 
changes have been wrought. The second treats of the channels through which the 
mineralizers have gained access to the beds which they have altered, the direction 
of flow of mineralizing waters through these channels, and, finally, the immediate 
source from which these waters have derived their mineral contents. 

THE MINERALIZIXC; PKOl E8S. 

The ore did not in any sense fill preexisting cavities, for there is no evidence 
to show that such have existed in the ore-bearing rock at any time; the onl}- 
cavities present being the minute crevices or fissures which, have been termed ''ver- 
ticals." The ore has been formed by a process which involved the gradual 
removal of the original rock substance and the simultaneous substitution of the 
ore minerals. This has often proceeded with so little disturbance of the original 
material that the stratification of the country rock is continuous with the banding 
of the ore, and at times so perfect is the preservation of this structure that it is 
difiicult to determine, without a detailed examination of the substance of the rock, 
at what point the ore terminates and the unmineralized rock begins. A very good 
idea of this banded structure can be obtained from PL XVI (p. 214). In other words, 
a complete alteration of the mineral substance of the rock has taken place without 
any change in its external form; still further, when viewed under the microscope, 
the ore shows an even more faithful reproduction of the original microscopic 
structure. One type of ore-bearing rock (described on page 120) consists of an 
aggregate of minute but complete crystals of dolomite. This rock is shown in 
PI. X, B (p. 214). AVhen a transformation of this material into ore has taken place 
the process has been carried on with such nicety that these little rhombs appear 
as distinct in the ore as in the unaltered lock (PI. XV, .1). When, however, the 
polarizer is applied to the microscope it is at once seen that the ore is composed 
entirely of silica and pyrite and that no trace of the original material is left, 
although its form is as perfect as before alteration (PI. XV, i?, p. 214). 

During this mineralization a marked decrease in volume has occurred. This 
is shown by the great number of cavities or vugs that occur in the ore, and the 
resulting contrast with the dense texture of the original rock. The intensity of 
the ore deposition seems to have been directly propoi'tional to the confinement 
of mineralizing waters; the more open the fracture the smaller is the ore shoot, 
and the more even and uninterrupted the shale or porphyr}' above, the greater 
is the lateral extent of the ore. Again, where ore shoots, like the great Tornado- 
Mogul, lie in contact with large igneous bodies, there seems to have been an 
additional confinement of waters which may have had some connection with the 
great size of the ore lK)dy. 
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DIRECTION OF FLOW OF MINERAL WATERS. 



These ore minerals have been transported by circulating waters to the dolomite, 
whether it was present as comparatively pure beds or as cementing material of 
sandy and shaly rocks. Such waters have found in the fractures, or "verticals," 
trunk channels by means of which they have been enabled to penetrate the 
encompassing and comparatively insoluble rocks and reach the more readily 
replaced material. Whether the direction of flow in these fractures has been 
upward or downward is extremely difficult to determine, for there are certain 
facts that are not to be readily explained on either assumption. In the opinion 
of the writer, however, the mass of evidence seems to favor a mineralization by 
ascending waters. 

In the first place, the ore generally lies immediately below a comparatively 
impervious rock (see Pis. XI, XIX, XX, p. 214); this may be a bed of extremely 
argillaceous shale, sometimes quite thin and again of considerable thickness, or a 
sheet of porphyry, but in all cases a rock competent to act as a barrier to the fur- 
ther passage of uprising waters. On the other hand, such a close contact with the 
quartzite or other impervious rock below rarely occurs, for there often intervenes 
between the next lower impervious bed and the under boundary of the ore an 
unmineralized area of dolomite of the same soluble character as that which has 
been replaced. Excellent instances of this may be seen in the Union mine, the 
E shoot of the Tornado mine, in the Mogul mine, the Welcome mine, the Ameri- 
can Express mine, the Two Johns mine, and in innumerable other cases. If 
the mineralizing waters had come from above it is reasonable to suppose that 
such a stoppage of circulation would have taken place just above, not beneath, 
an impervious bed, and that the unmineralized portion of dolomite would have 
been above and not below the ore. It is, of course, to be observed that there 
are many cases where this unmineralized area is not present, for the ore often 
completely fills the space between the roof and underlying impervious bed. This 
is especially true where ore bodies are very extensive, for the aggregate amount 
of material introduced has been sufiScient to completely replace all of the 
soluble rock which intervenes. 

In the second place, directly beneath this impervious roof the lateral extent 
of the ore — the horizontal distance to which ore solutions have spread from the 
supplying fissure — is generally greatest, diminishing with increasing downward 
distance until it pinches to a mere vertical. It is clear that the interposition of 
an impervious layer across a channel of circulation will produce just such a lat- 
eral spreading, and that where circulation has been upward, it will take place 
on the under surface of the layer; where downward, on the upper. The two 
diagrams below (fig. 15) bring out these relations. 

In the third place, there seems in general to be a connection between the 
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lateral expansion ol mineralizing waters and the. amount of open space available 
for their circulation. Thus, where fractures are large and open and pass unin- 
terruptedly upward through the capping shale or poq^hyry the soluble rocks are 
comparatively little altered and ore shoots are narrow and confined chiefly to 
the immediate vicinity of the fracture.^ In other words, the mineralization of 
lower beds has not been great where large and open verticals have permitted the 
free passage of waters to higher levels. Such a stoppage of flow in mineral- 
bearing waters would also tend to increase the extent of rock mineralized along 
the barrier, owing to the increased chemical activit}' of the waters due to the 
absence of rapid motion; for it has been frequently remarked by writers on 
ore deposition that the quiescence of mineralizing waters is essential to an 
active deposition of mineral.* 



D68cending waters 




Ascending waters 



/mperu/ous bed \jf^E^^:^^^^ ^^^^ rj^^^^\^^^^ 



So/ub/ebed 



Soluble bed 



Impervious bed 




Fio. 16.— Weal section to show relations of greatest lateral extent of ore to direction of flow of mineralizing waters. 



While these three groups of facts arc not sufficient to prove that these ores 
were deposited by ascending waters, the}' must at least l>e explained before a 
deposition by descending minci^alizers can be advocated. 

DERIVATION OF ORE MINERALS. 

There are no facts which serve to indicate with certainty the source from 
which the circulating waters derived their mineral contents. However, from a 



" Large on? shoots occur nloiiK open fnu'ttiren, but only whort* thoy aro present in large numbers and are closely 
8pace<1. M) that nnall amounts of minernlization along fractures have coalesced, forming a large body limited by the num- 
ber of fractures. 

bEmmons, S. F., Geolog>- and mining induMtr>- of Leadvillc, Colo.: Mon. U. S. Geol. Survey, vol. 12, 1886, p. 670. "It 
will Ih} rtwdily apparent * * * that such precipitation will be most abundant where for any cause there is some 
Interruption in the regular flow of the current, ns rapidly moving waters deposit much less readily than tho^e whose 
movement is very slow." 
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consideration of the several rock fonnations, it is possible to form some idea 
of their relative importance as a possible source of ore minerals. It is now 
generally admitted that meteoric waters by descent to and contact with heated 
rock masses at great depths may be transformed to ascending waters; therefore, 
the minerals which constitute these ores, so far, at least, as their position relative 
to that of the ore bodies is concerned, may have had their origin either wholly 
or in part in any of the country rocks that remained uneroded at the time of ore 
deposition. The region was then presumably deeply buried by rocks now removed, 
consisting of small areas of the Algonkian and Cambrian, of the Ordovician and 
Carboniferous limestones, Minnelusa sandstones, and Cretaceous rocks, together 
with much intrusive porphyry, making in all an aggregate thickness of probably 
4,000 feet. To these, as a possible source of ores, must be added Algonkian 
schists and their included eruptives to indefinite thicknesses below the level of 
the ore bodies. The ore minerals to be derived from these rocks are, in the 
relative order of their abundance, silica, pyrite, fluorite, wolframite, barite, 
tellurium, torbernite, gypsum, stibnite, gold, and silver. 

For the silica, so many different sources can ))e suggested that its origin 
does not deserve special consideration. The same may be said, though in lesser 
degree, of the pyrite which, while present in considerable amount in the ores, is 
too widely distributed a mineral to have its origin exclusively in any of the 
country rocks. 

The fluorite, perhaps more than any other mineral present, ma}' 1x5 ascribed to 
pneumatolitic emanations from the eruptive rocks at the time of intrusion. Barium 
may have originated from small quantities in the feldspars of the igneous rocks, 
in which it is known to occur in considerable quantities. For the rarer elements, 
such as tungsten, tellurium, arsenic, antimon}^ and, in instances, uranium, no 
tests have been made. Since these minerals can not readily be supposed to 
have been original constituents of the sedimentary rocks, their origin must be 
sought in the Algonkian or eruptive masses. Wolframite occurs in considerable 
quantities in rocks of the Algonkian, associated with the tin deposits, both in 
Nigger Hill and in the southern hills. Its occurrence suggests that similar 
deposits and bodies of eruptive granite may exist below the schists in the 
vicinity of the tungsten deposits near Lead, and if so, they may readily be 
supposed to have supplied this mineral to ascending thermal waters. It is, of 
course, possible that tungsten also is present in the eruptive rocks, but if so, it 
is yet undetected. In the light of the evidence as to direction of flow of 
mineral solutions no such assumption is essential. 

'Arsenopyrite is known to occur in the auriferous lodes of the Algonkian 
(see description of Homestake ores, p. 68). Tellurium, arsenic, antimony, and 
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uranium may have had their origin in either eruptive rocks, or Algonkian 
schists, but their presence in either is not reported. 

Of the gold and silver contents of the various rock formations more is 
known. Among the sediments the only series which imdoubtedly contained gold at 
the time of the ore formation is the Cambrian. This gold occurs, (1) in the form 
of auriferous conglomerates at the base of the Cambrian; (2) as small amounts 
of free gold widely disseminated through unaltered sediments, presumably 
contemporaneous with their deposition. Of this latter type of gold the writer 
has seen no occurrences in person, but man}^ instances of the kind are reported, 
and as they originate from reliable sources, the}" are probably accurate. 

That the schists of the Algonkian were mineralized with gold and silver 
prior to the deposition of the Cambrian, the study of the Homestake and other 
Algonkian deposits has placed beyond question. Many other instances of small 
quantities of gold at different places in the Algonkian series have come under the 
notice of the writer, although never in suflScient quantities, nor of high enough 
grade, to be of economic importance. 

Whether gold and silver were original ingredients of the eruptive rocks, it 
is much more difficult to determine. These rocks frequently yield appreciable 
amounts of gold and silver on assay — a fact which is attested by a number of assays 
made for the writer, as well as by examination of assay returns from several mines. 
Such assays, however, were confined to eruptives so closel}^ associated with areas of 
mineralization that these values may have been introduced into them at the time of 
ore deposition. It seems, however, possible that there may have been some small 
quantity of these metals in the original rock, although it can not be definitely 
proved. 

It will be seen from these data that the country rocks of the ore-bearing areas 
contained at the time of the ore deposition most of the ore minerals in quantities 
sufficient to have constituted an adequate source of supply, and in the opinion of the 
writer, it is very probable that each of these rock divisions has contributed to the 
ore formation, one adding one element to circulating waters, and one another. How 
the metallic contents have been derived from these rocks-fschists, sediments, and 
eruptives — whether exchisivel}' through a leaching by purely meteoric waters, or 
b}^ the additional aid of occluded moisture or gases released from eruptive magmas, 
it is not possible to say. The presence of such large quantities of fluorite in the 
ores certainly leads one to suppose that the latter action has been an important 
factor in the ore genesis and in the opinion of the writer it has had much 
closer connection with the origin of these ores than is generally admitted. It is 
further probable, since the ore deposition followed so closely the eruptive activity, 
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that the heat imparted to mineral waters by igneous rocks served to increase in no 
small degree the activit}' of circulation. 

METHODS OF TREATMEST.a 

After the failure of the earlier attempts to treat these refractory siliceous ores 
by amalgamation^ a plant for the treatment of the ores by chlori nation was erected 
by the Golden Reward Compan}- at Deadwood, in 1889, and a second plant of 
similar character was built at Pluma, in 1895, by the Kildonan Milling Company. 
This process was attended with a greater degree of success than any before tried, 
and imtil recently has been largely used. With the increase in the understanding 
of the chemical chamcter of the ore other processes were found to make so much 
better saving of the precious metals that chlorination has now largely given place to 
them. 

In 1892 a cyanide plant wa^s built in Deadwood, but seems to have been in 
operation only intermittently. In 1890 the Deadwood and Delaware Smelting 
Company built the plant in Deadwood for the treatment of the ores by matte- 
smelting, and under the efficient management of Dr. F. R. Carpenter this method 
of treatment became one of the most successful that had yet been adopted* Since 
its erection the plant has been purchased by the Golden Reward Company and much 
enlarged. Another is now in process of constiiiction at Rapid. 

Within the last three years the cyanide process has been used with increas- 
ing success on these ores. The percentage of extraction is somewhat lower than 
that attained by smelting, but the saving in expense is so great that ores may 
often be profitably handled, even though of lower gi*ade than those economically 
treated by other methods. There are now in operation in the Black Hills eight 
cyanide plants treating the refractory siliceous ores, while numbers of others are 
in process of construction.* 

METHODS OF MINING. 

The methods of mining followed in the siliceous ore regions are extremely 
simple. Shafts are not deep, and in many instances the ore outcrops so near 
the surface that the mining operations may be carried on by means of drifts. 
The loose, incoherent nature of the Cambrian rocks necessitates some timbering, 
but that is generall}^ of a very simple character. Lagging is necessary in the 
larger stopes, owing to the lack of rigidity of the shales that often form the roof 
of the ore; but in the smaller shoots the entire ore body is frequentl}'^ extracted 
without the use of supports of any kind. In much oxidized and decomposed 

a Detailed accountH of the treatment of the ores will be found as follows: F. R. Carpenter, Tmns. Am. Inst. Min. Eng., 
vol. 17. pp. 570-598. F. C. Smith. Trans. Am. lust. Min. Eng.. vol. 27, pp. 422-42«;. Charles H. Fulton. Bull. No. 5, 
South Dakota School of Mines. February, 1902. 

h Fulton, C. H., Bull. No. 5, South Dakota School of Minos, p. Tm, February, 1902. 
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areas more careful support of the roof is necessary. In a few mines difficulty 
bias been experienced in handling the water, largely on account of the uneven 
and undulating character of the quartzite on which the ores occ^ur, so that the 
location of a sump is never permanent, but must be shifted from time to time. 
In large bodies of ore the center of a shoot is generally removed first, pillars 
of ore being left to support the roof if the timbering itself is insufficient; the 
rims and, finally, the pillars are then removed, and all waste material in the ore 
is deposited in the center of the stope. Caving is sometimes resorted to after 
ore has been removed, and gangways left along the edges of shoots, the 
expense of maintaining a large amount of timbtu-ing being thus avoided. 

Prospect'nuj, — Mining property in the siliceous ore region is often sold 
without regard to ore '"in sight,'' so that the method and intelligence with which 
systematic prospecting is carried on has an extremely imporbint bearing on the 
profitable working of the ores. The first step is the determination of the ore- 
bearing beds. This having been decided, the beds are opened up by a shaft, if 
below the surface, or by tunnels if exposed; drifts arc then run at right angles 
to the prevailing direction of ore shoots in the region. . Verticals or ore lx)dies 
intersected are followed or mined out along their strike, «and other crosscut drifts 
are run at considei-able distances from and parallel to the .first. In this way an 
exceedingly extensive area may l>e prospected for all except shoots of extremely 
small size at a nominal expense. Intrusive porphyries occasion some inconven- 
ience, but this can generally be overcome by intelligent work. Mining companies 
that have kept their systematic prospecting in advance of their ore extraction 
have opened up new shoots before old ones were mined out, thus enabling them 
to produce continuously, while those companies that have not adopted this method 
have been subjected to an expensive and discouraging period of dead work and 
inaction when their ore '"in sight" was exhausted. 

FUTURE OF THE REFRACTORY SILICEOUS ORES. 

While there are considerable tracts of the ore-bearing beds of the two known 
horizons still unprospected within the exposed rim of Cambrian strata above 
mentioned, the development of such ore bodies as may there be discovered can 
not maintain the production for an\^ great length of time. But there are many 
included dolomite beds })etween the so-called lower and upper contacts which 
have been but little, if at all, explored, and which there is every reason to believe 
are mineralized. Upon the prospecting in these beds and the discoveries which 
exploration may make where ore-bearing beds are deeply buried beneath the 
overlying limestones of the Carboniferous will depend the future of this class of 
ores. It is therefore necessary to answer the question, How far in these direc- 
4987— No. 26—04 II 



162 ECONOMIC B£80UBCE8 OF NORTHERN BLACK HILLS. 

tions does the mineralized area extend? This is a difficult question. Three 
conditions determine the occurrence of these ores: (1) The presence of the 
marbleized dolomite or ore-bearing beds; (2) fractures by means of which miner- 
alizers may obtain access to such beds; (3) the percolation of mineralizing waters. 

As before stated, it has been proved that the ore-bearing dolomite occurs 
under much of the limestone to the we^t of Portland, and the same beds have 
been detected far west of Spearfish Canyon, so that it is probable that the ore- 
bearing rock is uniformly present over extensive areas. 

The presence of fractures is a condition which would also seem to be fulfilled, at 
least so far as the eastern side of Spearfish Canyon is concerned, for the occurrence 
of mineralized fractures in the limestone of Elk Mountain, Ragged Top, and Carbon- 
ate indicate that verticals may be likewise present in the Cambrian below. 

The third and, perhaps, most essential condition, however, that there should have 
been mineralizing action upon these deeply buried stmta is one which only develop- 
ment can determine. If we are to consider the Ragged Top ores, which are of the 
same general character as the majority of refractory siliceous ores, to })e the' work of 
ascending waters, then it is not improbable that these deeply buried beds have 
been mineralized; but as the evidence on this point is b}" no means conclusive no 
argument can be based on such an assumption. That refractory siliceous ores have 
been found in the Cleopatra mine in the bed of Squaw Creek and are also reported 
by Carpenter^ from Cold Creek to the east may be taken as an indication of the 
future value of the region, and are certainl}' sufficient grounds for a careful and 
extensive prospecting. In general there does not seem to be any reason why ore 
bodies should not occur beneath the Carboniferous, and if they do this class of ores 
may continue to be an important factor in the gold production of the Black Hills for 
many years. 

PYRITOUS ORES. 

Under this head are included ores of gold that show usually a heavy pyritic 
content with which are sometimes associated other sulphides, such as sphalerite and 
galena. These ores occur at various points within the Spearfish quadrangle and 
have been intennittently mined, but, on account of the small size, irregular character, 
and low grade of the ore bodies, have never been an important factor in the gold 
production of the region. 

Two Bit district, — ^The best-known occurrences of these gold-bearing pyrite 
ores are in Two Bit Gulch. The country rock is here Cambrian shale of varying 
thickness, consisting chiefly of fine gray shale, glauconitic in places; iron-stained, 
shaly sandstones sometimes calcareous in character; and some few layers of dolomitic 
breccia. Interbedded with these Cambrian strata are man}^ sills of syenite-porphyry, 

nTranH. Am. iMt. Min. Eni?.. vol. 17, 1889 p. 570. 
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coarse rhyolite- or granite-porphyry and other varieties of eruptive rock. At the 
hsLse of the Cambrian series is a heavy and much indurated quartzite, but at no point 
observed by the writer does the banded dolomite or characteristic horizon of the 
siliceous ores occur upon this quartzite. 

The ore bodies generally are the result of mineralization along fractures or 
verticals which cut eruptives and Cambrian strata indiscriminately. The ores are 
composed largely of pyrite, which occurs in heavy, almost amorphous masses in 
the Cambrian shales on or near the basal quartzite, and is reported to have been in 
the form of shoot^j of considerable width in the Hardin mine. When fractures 
intersect porphyry the pyrite often occurs in crystalline druses and at times is 
scattered thickly through the lx)dy of the eruptive rock. The quartzite is also 
in places heaWly impregnated with p3'rite. This pyrite is reported to have yielded 
low values in gold, although no authoritative data as to the exact yield are avail- 
able. As pyrite is essential to the smelting of the refractory siliceous ores it was 
hoped that these low-grade ores, if concentrated, might find a local market, but 
for some causes not well understood ' several trials proved them imsatisfactory. 
The Hardin shaft is the only mine in which bodies of pyrite of workable size 
have been found. Much ill-advised mining has been carried on in this district 
and, although in future these ores may possibly prove to be of value for smelt- 
ing purposes should other sources of supply become unavailable, in the light 
of the present development operators would do well to exercise caution in their 
exploitation. 

In their occurrence these ores show quite a strong resemblance to the refrac- 
tory siliceous ores. The fracturing is of later age than the igneous activity and 
so also the p3'ritization. The mineralizing process seems to have been in the 
nature of a replacement by pyrite of a poilion of the diflferent rocks through 
which the fractures pass. 

TUNGSTEN ORES. 

WOLFRAMITE. 

HISTORY. 

For some years prior to 1899 large quantities of what was locally known as 
'* black iron" were mined, together with refractory siliceous gold ore, from 
workings in the Lead and Yellow CVeek' siliceous-ore areas, as described on page 
151. In most cases this material contained very low values in gold, and was 
sorted from the ore, so that it accumulated in considerable amount on the waste 
heaps of the mines. Some of that from Yellow Creek, however, is reported to 
have yielded workable gold values. This was shipped to the smelter and there 
treated among other basic ores without suspicion of its special value. In January, 
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189i>, however, its great weight attracted the attention of a local mineral collector 
and a few .simple tests served to reveal its true character. Iti* importance was 
quickly recognized hv manufactures of tungsten steel, and the exploitation of 
the deposits has now developed into an industry which, although not extensive, 
has yielded considerable profits to individual owners. 

OCCUKRENC'E OF THE WOLFKAMITE. 

This mineral has been found thus far at two localities. The first is upon 

the Cambrian outlier immediately north of Lead, on the top of the high hill 

which forms the cre.st of tlie divide between (Jold Kun and Deadwood Gulch; 

the second is in the narrow tongue-like area of Cambrian which, as a thin capping 

on the divide between Y<»llow and Whitewood creeks, projects north into the 

central area of schists. The two lie in a line which trends about N. 25^ to 30 ' W., 

I 
and follows very closely the strike of the schistosity of the upturned metamorphic 

rocks l)elow. In the latter rocks, just east of the northern deposits, are the 

oi>en cuts of the Homestake mine, which lie in a line nearly parallel to that 

connecting the wolframite areas, and on a great mineralized, gold-l>e4iring zone 

in the schists. The Yellow Creek occurrences lie just west of the projection of 

this zone, bearing the same reldtion. 

As stated above the wolframite is found in much the same relations as the refrac- 
tory siliceous ores alread}'^ described. 

It occurs in flat, horizontal but rather irregular masses up to 2 feet in thickness. 
They frequently cover considerable areas, of which perhaps the largest so far 
discovered may have an extent of 20 to 30 square feet; but they are so extremely 
irregular that it is difficult to form an exact estimate of their lateral extent. These 
masses lie upon or near the basal quartzite of the Cambrian or where that is absent 
upon the conglomerate that separates the upper members of the series from the rocks 
of the Algonkian. The beds in which it lies are an impure dolomite sometimes so 
full of sand grains as to grade into ({uartzite — a fact that hits not infrequently given 
rise to the erroneous opinion that the ores are mineralized <{uartzite. 

Alx)ve the dolomitic beds generally occur layers of shale, which become much 
more argillaceous, and often contain considerable glauconite, as one passes vertically 
upward. Above these shales, both in the vicinity of Lead and Yellow Creek, are 
found remnants of a rhyolite sheet, showing in many cases a well-developed colum- 
nar structure. 

The wolframite is to be considered more in the nature of a basic phase of the 
refractor}' siliceous ores than as a separate and distinct deposit, for it occurs always 
in intimate association with them. At times it forms a rim around the outer edge 
of the siliceous ore shoots, often extending inward and upward so as to form a thin 
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capping to that ore. It thus appears as a sort of envelope to the siliceous-ore mass^ 
which it incloses, or nearly incloses, on all except the lower side. Margins of this 
kind are often from 2 to 2^ feet thick, but the clipping portion is generally thinner. 
At other times the wolframite occurs in irregular masses, scattered through the 
siliceous ore, or in stringers and thin, contorted layers in the partially silicified 
dolomite. In the Wasp No. 2 mine, in Yellow Creek, it was observed in lenticular 
or kidney-shaped masses in the shaly dolomite. An excellent instance of the first 
or envelope type of o<'currence is to be seen in the Harrison mine, near Lead. In 
the Two Strike mine in the Yellow Creek area it was seen in thin, irregular layers 
replacing the uppermost and nion* calcareous portion of the basal Cambrian 
quartzite. 

In general the ore is separated from the nonmineralized rock by a fairl}' sharp 
line of demarcation; but in not a few cases it grades off so that the ore becomes 
leaner and passes by scarcely perceptible transitions into the country rock. In almost 
all cases considerable silicitication has extended beyond the wolframite deposition so 
that, without the aid of the microscope, it is difficult to distinguish the original rock 
from quartzite. 

CHARACTER OF WOLFRAMITE ORE. 

As taken from the mines, the wolframite is a dense, black, massive rock of 
fine, granular texture and gre^t weight. It closely resembles a tine-grained mag- 
netite; but it^ greater specitic gmvity and slightly brownish streak, together 
with the associated minerals, generally render its identitication possible. The 
component grains are. in the majority of cases, about one thirty-second inch in 
diameter, and always (»xhibit brilliant cleavage faces. In the portions having 
coarser texture, the grains are one-eighth to one-fourth inch across, and have 
slightly curved surfaces with an extremely brilliant metallic luster. They do not 
possess crystalline boundaries except when the replacement has l>een but partial 
or when crystals project into cavities. Radiating aggregates or single tabular 
crystals of barite are present in considerable abundance embedded in the bod}' of 
the wolframite, but are more sparsely distributed in the more massive portions. 
They have always attained a perfect crystalline development, which shows that 
they are the earlier formed ingredients of the ore. Irregular cavities or vugs, 
such as are generally to be seen in deposits originating from the replacement of 
one mineral by another, are present throughout the ore in great numbers. These 
are of all sizes, some of them very intricate in form, and often of considerable 
aggregate volume. Their interior surfaces are usually coated with small but well- 
formed crystals of wolframite, not unlike marcasite in their form and in the 
manner of their grouping, and with crystal druses of yellowish or bright-green 
scheelite. The ciTstals of the latter mineral are often of great beauty and per- 
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fection. In some cases, cavities are filled with white or glassy crystals of barite. 
In a few instances, the leaner wolframite from Yellow Creek shows long, slender 
crystals of stibnite, radiating from a common center, much in the manner of 
the spicules of a radiolarian. 

Despite the decomposed and gouge-like character of the country rock, altera- 
tion has not generally taken place to any noticeable degree. A\Tien the ore has 
been long exposed to atmospheric conditions, however, a mineral of gold-yellow 
color, in glistening druses of extremely minute crystals, very often coats the sur- 
face. This has been considered by Forsyth '^ as suggestive of tungstite, or 
tungsten trioxide; but none of that collected by the writer gave satisfactory 
results to tests for tungsten, and its true character has not \'et been determined. 

Under the microscope the ore, when very pure, shows little l>esides the dense, 
opaque wolframite. Occasionall}', interstitial masses of clear, glassy quartz are 
observed, filling the spaces formed by the crystal faces of wolframite. When 
suflSciently lean to permit the use of transmitted light, however, the wolframite 
may be seen to be made up of innumerable small crystals, w^hich are generally 
well developed, but interfere with one another at their extremities. There are 
thus left between the wolframite individuals many irregular spaces, always bounded 
by plane surfaces and usually filled, either with secondary quartz or by grains 
of original detiital quartz, about which enlargements caused by later added silica 
have formed complete crystals. In some specimens large crystals of barite are 
to be seen. Scheelite occurs interstitial to the wolframite. Sections of the ore 
cut from the portion where it passes into the unreplaced rock show a mod- 
erately abrupt transition from massive wolframite to partially replaced material, 
with interlocking crystals, which gradually become more sparsely scattered, until 
they finally disappear in the barren rock. The latter is generally heavily silicified 
beyond the limits of the wolframite, so that the microscope shows, if polarized 
light be used, that the rock is almost wholly composed of silica. If, however, 
the polarizer be removed, nothing can be seen but the sharp outlines of irregular 
rhombs, such as constitute the body of the usual type of dolomite before minerali- 
zation, the original carbonate having been replaced with such delicacy that its 
structure has been perfectly preserved. 

CHEMISTRY. 

The following analyses were made by Mr. W. F. Hillebrand in the laboratory 
of the United States Geological Survey. Both analyses are of specimens of the 
purer and more massive portions of the wolframite. No. I is of a specimen 
taken from the Two Strike mine in Yellow Creek. It is complete, and may be 
assumed to show the average composition of the wolframite. No. II is a speci- 

a Black Hills Mining Review, vol. 5, No. 32, pp. 14. 15. 
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men from the Harrison mine, near Lead. It is only partial, but is inserted to 
show the relatively high percentage of lipie. 

Analyses of n'olframite ore. 



I. 



II. 



SiO,.. 
WO, . 
Fe,0,. 
FeO.. 

A1,0,. 
MnO. 
CaO.. 
SiO.. 
BaO.. 



K,0-f-Na,0-f-LiaO. 
H,0, below 105° C . 
H,0, above 105° C . 

A8,05 

PA 

VA 

SorSOs 



Per cent. 

12.87 

61.50 

3.85 

9.18 

.52 

8.21 

.93 

.02 

.04 

.08 

.20 

.87 

1.25 

.12 

Tjace. 

Trace. 



Per cent. 
I 9.60 

61.70 
I « 12. 67 



7.21 
5.39 



Total. 



99.64 



ft. 10 



b Approximate. 



a Determined ea FesOa, includes FeO. 

Assays of I. — Gold, 0.05 oz. per ton; silver, 0.25 oz. per ton. 
Extremely minute traces of Mg, Zn, Cu, Sb, and Sn were also found. 

While it is not possible to calculate from these analyses the exact mineral 
composition of the ore, on account of the difficulty of determining the form in 
which the minor ingredients are present, the relative proportions of the more 
important constituents may be roughly calculated as follows: 

Proportions of principal minerals. 



.n 



Wolframite (FeMn) WO4. 

Quartz, SiO, 

Scheelite, CaWO* 

Barite, BaS04 

Ferric oadde, Fe,0, 

Water, H,0 

Arsenic oxide 

Residaal clay (kaoUn ) 



I. 


II. 


Percent. 


Percent. 


75.60 


51.58 


12.54 


9.60 


4.77 


27.68 


.06 




3.85 




.20 




1.25 




1.34 
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It will at once app>ear from these tables that the ore is contaminated chiefly 
by scheelite and quartz. The first has probably been formed by the combination 
of some of the tungstic acid with the original lime of the mineralized beds, while 
the silica may have been either a i>ortion of the unreplaced (luartz, which occurs 
in grains throughout the country rock, or later formed silica, introduced at the 
time of mineralization. 

For metallurgical purposes it is probable that the minor constituents, such 
as arsenic, vanadium, and especially phosphorus, may seriously impair the utility 
of the ore. Analysis No. II is interesting as showing a relatively large proportion 
of scheelite. 

CONCENTRATION. 

As only the purer and more massive ore carries a sufficiently high percentage 
of tungstic acid to meet the requirements of the smelters, it has been found 
necessary to concentrate a considerable ix)rtion of the material mined. At some 
of the miners the crude method of hand sorting and trimming off of gangue by 
hammers is adopted. -For this purpose a considerable number of men must be 
employed and the cost must be heavy; but the value of the ore seems to justify 
even this expense. Of late, experiments have been made with various wet 
methods of concentration; and Foi'syth" discusses in some detail the several 
processes which have been tried. He shows that the chief difficulty lies in the 
production of slimes, and that, in cases where considerable gold values occur in 
the ore, they pass into the concentrates and not into the tailings. This difficulty 
is, however, of minor importance, as the ore rarely carries any appreciable 
amount of precious metals. At the time that the mines were visited it was 
suggested that these ores, which are cjuite stronglv magnetic, might readily be 
separated by the Wetherill concentrator; and in the opinion of the writer the 
difficulties that have been encountered might thus be obviated. It . will be 
inter^ting to note the result of such experiments. 

W VALUE. 

The Mineral Industry for 1899 shows that the tungsten market is a somewhat 
fluctuating one, and it is not therefore possible to give any exact idea of the 
value of the ore; but it is reported to have been sold at from $100 to $250 per 
ton according to the percentage of tungstic acid present and the date of sale.* 

DISCUSSION. 

Wolframite is not a common minenil, and its occurrence in bodies of sufficient 
size to be profitably worked is rare. Deposits have been found recently in 
Arizona and Nevada and at a few other localities in the United States.^ 

•iBlaok HIHh Mining Review, vol. 5, p. 15. 
Mbid., p. 15. 

c A very comprehensive mimmary of the tungsten deposits of the United States may be found in the volume of the 
U. S. Geol. Survey on Mineral Resources for 189^1900. pp. 300-304. 
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So far as the writer has been able to determine, the associations in which 
wolframite ores are found are two: 

1. As a constituent of pegmatitic granites, usually of the type known as 
greisen, and frequently more or less closely associated with ores of tin. Such 
deposits occur in the Black Hills in the Nigger Hill and Etta tin districts, but 
the material is there crystalline; and is geneniUy believed to have resulted from 
pneumatolitic action. 

2. In quartz veins, in granite or other rock of related character. Most of 
the more recent discoveries belong in this class? for instance, those in the Dragoon 
Mountains of Arizona; at Murray, Shoshone County, Idaho; Osceola, ^ev.; San 
Juan County, Colo.; etc." 

The familiar case of the wolframite of the Cornwall tin region is in part 
comparable with both of these types. 

It will at once appear that neither of these two classes of deposits bears any 
resemblance to those under discussion, and it is evident from the manner in 
which the ore occurs that it is to be ascribed to the same mineralizing agencies as 
the deposition of the siliceous ores. , The association of the latter with fractures, 
the occurrence in an easily replaced rock, and the manner in which original 
structures have been preserved in the ore have been shown to prove that they 
are due to the replacement of carbonates by siliceous material. In the case of 
the wolframite there seems no reason to doubt that the same series of events has 
taken place, although a partial replacement of quartz may have occurred at the 
same time. First there was a f mcturing of the countr}- rock, then the replacing 
action of mineralizing waters which gained access to the replaceable strata by 
means of the fractures, and finally a gradual interchange of carbonate (and 
possibly of some quartz) for wolframite, molecule by molecule. 

T^KAD AK1> SIT.A^R ORES. 

LEAD-Sll.VER ORES OF GALENA AND VICINFTY. 

The greater part of the data upon which the discussion of these ores — at least, 
in the vicinity of Galena^^is based is taken from the field notes of Mr. G. W. 
Tower, formerly of the United States (ieological Survey. The writer has merely 
assembled Mr. Tower's descriptions and formed from them the generalized 
statements that follow. 

The lead-silver ores of Galena and vicinity once filled an important place in 
the mineral production of the nofthern Black Hills. About twenty years ago a 
smelter was in operation, and several mines were producing heavily, the Richmond 
or Sitting Bull mine especially having figured quite prominently in the silver 
production. Smith* gives the total output as ''little short of j>750,000." 

a Mineral Rttsources. 189»-1900, pp. 800-304. <> Trans. Am. Inst. Min. Eng., vol. 27, p. 427. 
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After a brief period of activity, however, operations were rather abruptly 
dii)Cf>ntiniied. and the district was idle until the year 1896, when operations were 
resumed, although upon a somewhat smaller scale. Work is now being conducted 
in rather a desultory manner. 

Mines that have produced this character of ore are situated in and about the 
town of (ralena, most, if not all, of them being upon ore bodies that occur in 
strata of Cambrian age. 

In order of their importance, the principal producing mines are as follows: 
Richmond (Sitting Bull), Florence, Hester A., Coletta, Merit No. 2, Cora, Car- 
penter, Alexander, Romeo, El Refugio, and Washington. 

The ore that occurs in these mines is as a whole of a much more basic cHar- 
wter than any found in the more westerly ore deposits heretofore described. 
When unoxidized it consists chiefly of pyrite, which is either massive or more 
frequently disseminated through the body of the country rock. With the pyrite is 
associated argentiferous galena and not infrequently small quantities of sphalerite. 
In manj^ cases the galena occurs in seams in the pyrite or as druses of minute 
crystals lining the interiors of cavities. In all cases where found unoxidized these 
two minerals are associated in this manner. The galena is, therefore, of later 
origin than the pyrite. Occasionally the latter carries low values in gold, but these 
are unimportant, the values that render the mines workable being contained in 
argentiferous galena. In most eases there is but little silica, associated with the 
ores, but in the Florence and Richmond (Sitting Bull) considerable amounts of 
secondary silica are found in intimate association with the deposits. , In such 
cases the body of the ore is composed largely of secondary silica and pyrite and 
resembles in the mode of its occurrence the refractory* siliceous ores. Through 
the silicified material are scattered irregular bunches and stringers of argentif- 
erous galena and pyrite, but the relations of the two can not be definitely deter- 
mined. The sphalerite is not an essential ingredient, but occurs at times in small 
amounts. The ore lies id shoots or long lenticular bodies of varying thickness 
or width. These follow vertical fractures which traverse tfee Cambrian strata and 
the intruded porphyry bodies indiscriminately. . They sometimes strike in a single 
direction; at others, form several intersecting systems. The trends of the fractures 
are usually constant within an}^ single mineralized area. DiHphiceuient along the 
fmctures is generally very small, but in some cases throws of as nmch as 4 feet 
are obsei-ved. The shoots vary in width from scarcely per<^eptihle seams to flat 
bodies as much' as 20 feet wide; the thickness is generally from a few inches to 2 
feet, though in some instances it is as much as 4 feet. WhcMi tho fractures are 
open the ore generally fills the intervening space. The rock in which the ore 
occurs is either a quartzite containing considerable calciU^ hh ti conient to the 



CHAPTER III. 
ORES IN (WRBONIFEROIS R(K^KS. 

The gray limestone of the Carl^oniferous carries two distinct varieties of ore: 
(1) Ores of ^old and silver; (2) ores of lead and silver. The latter class of ores was 
in past years of very considerable importance, but the single locality from which 
they were obtained has long since been worked out and they are now chiefly of 
historical interest. The gold and silver ores are of the refractory type and of 
comparatively recent discovery, but the}' are of small size and of minor importance. 
In general the Carboniferous rocks have not figured largely in the minei*al produc- 
tion of the region. 

GOLD AXD SIL.l'T.R ORES. 

As stated above, these ores are of the refractory siliceous type. They include 
the deposits found in the vicinity of Kagged Top Mountain and a small prospect 
found in the neighborhood of (Jalena. 

RAGGED TOP DISTRICT. 

West of the elevated region, about Crown Hill and Portland, is a broad, flat 
plateau into which streams have incised deep canyons with al>rupt, precipitous walls. 
This plateau is formed by the thick, massive strata of gi-ay Carboniferous limestone 
which extend with a slight northerly and w^esterly dip as far west as the edge of 
Speartish Creek, l)eing then cut through to the underlying Cambrian by the deep 
and precipitous gorge through which the waters of that creek find egress to the 
surrounding lowlands. Just east of this canyon there rises from that portion of 
the limestone plateau that lies between the two forks of Calamity Gulch and the 
low, rounded dome of Ragged Top Mountain, a laccolith of phonolite intruded at 
the base of the Carboniferous formation, and now exposed atove the surrounding 
country by the erosion of the uplifted covering. In the flat limestone that surrounds 
this phonolite mass are the ore l)odies, upon the strength of whose discovery the 
towns of Balmoral, Preston, and Ragged Top were built. It was formerly thought 
that these limestones would yield only lead-silver ores similar to those found about 
4 miles north at Carbonate, but in 1896 a miner named Wall made the accidental 
discovery of rich ores of gold occuring as irregular bowlders of silicified limestone 
upon these limestone flats. A typical mining excitement followed and a rush of 
prospectors to the region claused the rapid growth of the above-named towns. 
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The mines that have yielded ore are the Dacv group, the Ulster, the Pete 
Hand prospect, and some small mines on the southern slope of Elk Mountain. 

DACY (iROUP. 

The DacT ^roup comprises a series of seven nearly ec^ually spaced vertical 
fractures just north of Raggc^d Top Mountain and separated from it by\Iacka8S 
Gulch. Taking them up from east to west they have the following strikes: 
N. 50- E., N. 52- E., N. 37- E., X. 58- E., X. 8r> E., and X. 59=^ E. The seventh 
is of comparatively small imix)rtance. Xumbers of small fractures of comparatively 
insignificant size were also observed. PI. XVII (p. 214) gives an idea of the 
relation of these fractures to the geology. 

These fissures are of various widths at the surface, a maximum )>eing about 10 
feet, from which they range down to extremely miimte crevices. In the lower 
portions, where surface alteration has not been extensive, the ore can be observed 
to pass laterally into the limestone wails without disturbing the structure of the 
latter rock. It is of a uniform light-butf tint which is so nearly the color of 
the surrounding limestone and so perfectly preserves the structure that by the 
eye alone it can be distinguished from the unmineralized country rock only by 
superior hardness and slight yellow tinge. Xevertheless the lines of demarcation 
at either side of the ore body, if examined closely, are sharp and somewhat 
undulating. The mineralized zone generally narrows downward so that at a 
maximum depth of alK)ut (JO feet(i?) the ore bodies are represented by mere 
streaks. 

The ore when followed up to the surface becomes more and more bowlder-like 
and broken on account of tlie irregular manner in which the disintegration has 
occurred. The gossan itself is composed of large irregular bowlders of extremely 
hard siliceous material, stained red and brown by iron oxide, and composed of 
brecciated and irregular fragments of limestone, now wholly altered to silica and 
containing many sharply angular cavities lined with druse.s of quartz cr3'stals. 
Cavities containing calcite crystals are not infrequently encountered, but occur, 
so far as known, in the poorer (juality of ore. These bowlders are grouped 
in linear arrangement so that they outline the position of the fissure. 

Much of the ore is composed of angular brecciated fragments of what was 
formerly limestone, but has l>een wholly altered to silica. The ore bears strong 
resemblances to the brecciated limestone that is found at many points in the 
Carboniferous areas where there have })een dynamic disturbances but no miner- 
alization. Many fine thread-like crevices, stained by a peculiar pinkish-brown 
oxide, in addition to the silicification, have been found associated with these ores. 
All of this was formerly supposed to be iron oxide, but considering the large 
amount of tellurium present in the ores it is not improbable that it may contain 
an oxide of that metiil. 
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MICB<)StX)PIC APPEARANCE. 



Examined under the niicroj*cope the ore is found to consist chiefly of sec- 
ondary quartz in irregularly bounded individuals, which do not show crystalline 
boundaries except where open spaces have allowed their formation. A little 
opaline silica is also present. The yellow color seems to be due to the presence 
of a uniformly distributed pinkish-brown pigment, which is spread between the 
grains of quartz in such thin films that its character can not be definitely deter- 
mined. Some of the richest portions of the ore show excessively minute opaque 
particles, that njay be metallic. In one specimen of ore, carrying $3.05 per ton, 
a small speck of metallic mineral resembling sylvanite was detected, but in gen- 
eral tellurides, if present, have been completely oxidized. 



CHEMICAL CHARACTER. 



Two analyses are given below. No. I was taken from the paper by F. C. Smith.** 
No. II was made by W. F. Hillebrand in the laboratory of the United States 
Geological Survey. 



SiO, . . 
AI,0,. 
Fe,0,. 
FeO.. 
MgO. 
CaO.. 
BaC. 
Na,(). 
K,0.. 
LLC. 



H,O-105° 
H,O-fl05*» 
CO,.' 



Volatile matter 

S 

Au 

Ag 

Te 



Total. 



I. 



PercenL 
90.990 
2.970 



3.024 
Trace. 

1.138 
Not det. 
Not det. 
Not det. 
Not det 

.110 



.802 

Not det. 

ft. 053 

ft. 003 

ft. 091 



99.181 



II. 



xTT cent. 

96.27 
.28 
.26 
.19 
.19 
1.16 
.06 
.05 
.11 

Strong trace. 
.03 
.42 
.96 



.05 
C.06 
«J.02 
rf.03 



100.12 



a Trans. Am. Inst. Min. Eng., toI. 27, p. 418. 

bThe writer has taken the liberty of caJcnlating out the percentages of Au., Ag., and Te, given by ProfeaK>r Smith 
in ounces, and adding them to the same total. 
o Direct determination, 
rf Perhaps low. 
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By assay (oiuices per ion of 2^000 /Kunids), 









I. 


n. 


Te 






29.26 

17.34 

1.21 




Au 








16.25 


Aff 






4.75 











Tbe silica will be at once seen to constitute almost the entire body of the 
rock, only a small amount of calcium and magnesium remaining unreplaced. The 
alumina probabh^ represents some original impurities in the replaced limestone, 
as also the soda, potash, and lithia. The volatile matter in analysis No. I is 
probably equivalent to the CO, in No. II, the latter ingredient resulting from a 
small amount of carbonates in the 'ore. It seems probable that the iron in No. I 
is not all ferrous, but some should be given as ferric iron. It is customary in 
the analyses of these ores, which are made for commercial purposes, to calculate 
all the iron as ferrous. The alkalies were probably contained in the original 
limestone and the small amount of barium may have existed in that rock or have 
been introduced at the time of mineralization. 

At the foot of analysis No. I in the paper on these ores Professor Smith 
makes the following statement: 

Combining the gold, pilver, and tellurium in the above analysis we find them existing in the 

following relative percentages: 

Per cent 
Tellarium 61.20 

Gold 36.27 

Silver 2.53 

Total 100.00 

This closely approximates the composition of sylvan te according to Klaproth's analysis. 

It will be noticed that in Analysis II the proportions are different, the per- 
centage of silver being greater and that of tellurium relatively low. Some of 
the tellurium may, however, have been removed during the process of alteration. 
The sulphur shown in Anah^sis II may perhaps be combined with a portion of 
the ferrous iron in the form of pyrite. 

On the whole the presence of tellurium in these ores seems to offer the most 
plausible explanation of their refractory character, and in the light of present 
knowledge it is not easy to suggest any other cause that will account for the 
difficulty of treatment. 

METALLIC STREAK MINE. 

This mine is situated on the southwest side of Ragged Top Mountain, just across 
Calamity Gulch, on the top of the limestone plateau. It comprises a series of shal- 
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low diggings from which are quarried flat bodie8 of red-stained limestone that are 
n»jx)i'ted to carry as high as $10 to $25 per ton in gold. Associated with this 
ore an* certain irregular patches of siliceous material resembling the llagged Top 
ores in many respects, but carrying less gold, and often heavily impi*egnated 
with purple fluorite. The latter material also occurs in dense, sandy masses and 
in general does not carry much gold. In a few cases there are mai>ses of brec- 
ciated material parallel with the bedding, cemented by brown-stained silica. The 
depositfti are small and irregular and now so decomposed that their relations can 
not be readily appreciated. 

ULSTER MINE. 

The Ulster mine is situated on the north side of Long Valley about one-third 
of a mile north from the town of Preston. The country roc^k is Carboniferous 
limestone. A little north of the mine is an irregular hill composed of eruptive 
rock, while the mine is also intimately associated with irregularly intruded masses 
of rhyolite and phonolite. The ore m'curs as irregular masses of silicitied lime- 
stone with which are associated quantities of brilliant purple fluorite. These 
masses are generally in the limestone at the contact of that rock with irregular 
bodies of porphyry. The porphyry is often so decomposed as to \)e little more 
than soft clay. The portion containing fluorite is usually lower in gold than 
other parts of the rock, and the highest values are contained in the dark -colored 
silicitied limestone. Much of the ore from this mine carried very high values, 
some of it yielding as much as $2,000 per ton in gold. The greater part of 
the ore was taken from surfa<»e workings and from a large number of shallow 
shafts, but the conditions are now such that b^t little can be made of the gen- 
ei'al relations of the ore. 

Irregular bodies of silicified limestone have l)een found at many localities 
at various points on this limestone plateau, both northward as far as the junction 
of Spearfish and Squaw creeks, and southward to a point south of the Burling- 
ton and Missouri River Railroad. Many of them, such as the Pete Hand prospect, 
carry a moderate amount of gold, but none at present writing sufficient to admit 
of mining operation. 

ORIGIN OF THE ORES. 

•The general character of the ores is such that they may be readily seen to 
be replacements of limestone by silica and fluorite? with small quantities of gold, 
silver, and tellurium. Whenever sufficiently exposed to admit of observation they 
are associated with fractures which, in the case of Kiiggi^l Top deix)sits, have been 
traced downward for more than 800 feet. If it is UHHumed that the deposits were 
formed by ascending solutions the differing lithologic' cMindltions will account for 
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their difference from the siliceous ore bodies, which is chiefly one of form. The 
country rock liere is a massive, homogeneous limestone in which there seems to 
be nothing that would favor a eoncenti^ation of ore at any particular horizon, 
whereas, in the Cambrian deix)sits, thei'e have been impervious shale beds or sheets 
of porphyr}' which have caused the mineralization to spread out away from the 
verticals at definite horizons. 

L.EAD AXD SILVKH ORES. 

CARBONATE DISTRICT. 

On the north side of Squaw Creek, near the point where it enters Spearfish 
Canyon, is the town of Carbonate. This was a flourishing camp in 1886 and 
produced considemble silver and lead. A smelter was built and during a number 
of years was in active operation. The production of the Iron Hill mine, the 
largest and most important mine in the district, is given below. It is probable 
that considerable ore was produced by other mines which were active from time 
to time. For the years 1889 and 1890 no output is reported, and it is probable 
that the mine was idle during that period, although the writer could obtain no 
definite information on that point. 

Production of Iron Hill viine^ Carbonate camp. 

1885 $13,394 

1886 372,120 

1887 259,942 

1888 15,000 

1891 6,762 

Total..: 667,218 

The country rock that carries the ore in the Iron Hill mine is the gray 
Carboniferous limestone in which sills, dikes, and irregular masses of porphyry 
have been intruded. The ore bodies are of two kinds: large, irregular bodies of 
lead carbonate, which pass in places into more or less unaltered galena, genemlly 
in close contact with porphyry masses; and partially filled crevices which resemble 
in a general way the verticals of Ragged Top described on page 173. 

The first type of deposit is that which has formed the chief source of silver in the 
district, and silver, as shown above, was largely obtained from the Iron Hill mine. 
In this mine the ore was a large mass of argentiferous lead carbonate which ex- 
tended down for 300 feet on the east side of a thick dike of fine-grained white 
porphyry. Much galena was also found together with the carbonates, and after 
the ore was worked out a seam or vertical was detected extending downward 
from the main mass. Other pockets of ore were also found at different 
points, and in one place a pocket of vanadinite containing 4: or 5 tons was en- 
4987— No. 26—04 12 
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countered. Mr. Fowler reports the occurrence of the following minerals: Gralena, 
cerussite, cerargyrite, inatlockite, wulfenite, pyromoiphite, plattnerite, atacamite, 
ami vanadinite. Thi.s type of ore resenil>les in its general character and in its 
association with porph^^ry bodies, the deposits described by Mr. S. F. Emmons, 
from Leadville, Colo.^ Too little is known, however, regarding the details of the 
ore occurrence to afford any more definite idea of the manner in which it origi- 
nated than the simple fact that it is probably a replacement of the limestone. 

Of the second type of occurrence the most important case is that at the Seabury 
mine. This consists of an irregular crevice striking S. 85^ W. and running 
through the Seabury, Iron Hill, Segregated Iron Hill, and Adelphi mines with 
a possible continuation in the Spanish R, a mine in which some ore was obtained 
but at too groat a distance for its relation to the others to be clearh' made out. 
This crevice varies fron) 1 to 20 feet in width. The sides consist of a ferruginous 
jasjKM'oid material which replaces the limestone often for 2 or 3 feet from the 
crevice and contains at times galena, lead carbonates, and cerargyrite in sufficient 
amount to be profitably worked. Cerargyrite most frequentl}^ occurs as a thin 
film covering druses of fine quartz crystals which form linings to cavities. 

The center of the crevice was loosely filled by a soft, ferruginous, gouge- 
like pinki>hred matter containing gold. A large quantit}' of this ore is 
re|Kirted to have l)een mined from the Seabury, and also from the west side of 
the porphyry dike in the Iron Hill. 

To the north of the Seabury mine is a series of shafts situated along a line 
which strikes N. 74^ W. These are the Far West, Rattler, Enterprise, Wilker- 
*rjn, and Hartshorn shafts. None of them are now accessible, but the}^ aie 
n^|)orted to have l>een sunk on a second crevice of similar character to that just 
de>icril>ed. Only small amounts of ore were obtained from these workings. 
Numerouj^ other small iron-stained seams or partially opened crevices may be 
ol>s5erved in different places on the surface, but they do not seem to have been 
pro^]uctive. 

Since 1891 there Heeras to have been but little work done in this district, no 
output ^)eing recorded for that period. Within the last year, however, a small 
35-ton cyanidii plant has been ere(^ted to treat the tailings from the old smelter.* 

aEmmout^, H. F.. <Je<>h>Ky m»>'I Mliilnif liidUHtry of leadville. Colo.: Mon. U. 8. Geol. Survey, vol. 12, p. 886. 
OFultou. C H.. Buil. South Uakotit School of MiudH No. &. p. 6&. 
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((uartz ledges in which the i^oUl was so sparsely distributed as to offer no 
encoumgement to the prospector. The continued action of erosive agenc'ies 
through gi-eat geological ages by opiM'ating on great quantities of material has 
concentitited the nuggets of gold and made them easily accessible to the miner, 
when in their original condition they may have Ixnm sepamted by so great areas 
of barren rock as to admit of no mining operations. In general the placers are 
not now productive. Many of those worked out are still yielding very small 
quantities of gold and enable some of the poorer miners to earn a livelihood, 
but as a factor in the mineral wealth of the hills their importance is largely 
historical. 



CHAPTER V. 
DETAILED DESCRlPTIOiNS OF MINES. 

This chapter is designed to include detailed descriptions of mines which have 
not been separately treated in the previous pages. The mines have been grouped 
together comformably with the general arrangement of the paper; that is, basal 
Cambrian conglomerates are first treated, and then the refmctory siliceous ores. 
As the mines working upon the other types of deposits are biit few in number, 
their descriptions have been given with their general discussion and are not 
repeated here. 

MINES IX AURIFEROUS CAMBRIAN CONGI.OMERATE. 

These mines are situated in the vicinity of Lead on the gold-bearing con- 
glomemtes at the base of the Cambrian series, isolated remnants of which lie on 
the tops of hills of schist, such hills forming an old Algonkian surface which 
dips in a genei'al way eastward from the Homestake outcrop. 

There are five productive areas, all but one of which are located on the east 
side of the Homestake lode. The remaining one is on the hill between the Home- 
stake open cut and Poorman Gulch. 

Beginning on the north the following mines have been worked on the four 
areas to the east of the Homestake (see PI. VI). On the north side of Blacktail 
Gulch, beneath the heavy cap of rhyolite, the Minerva and Deadbroke mines have 
opened up a large area of gold-bearing gravel. These mines have been described 
on pages 106-110. Between Blacktail and Hidden Treasure gulches are the 
Baltimore and Deadwood, Esmerelda, and Hidden Treasure mines. These are 
now inaccessible. On the area next south, which lies on the crest of the divide 
between Blacktail and Deadwood gulches, are the Pinney open cut, Omega, and 
Deadwood-Terra mines. The first two are described below and the third was 
not visited. 

About 1,600 feet southeast of the last-named area, beneath the thick cap of 
rhyolite which forms the top of a high hill just east of the Caledonia open cut, 
are the Hawkeye-Pluma, Gentle Annie, and Monitor mines, which have opened 
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up a large area of gold-bearing conglomerate. These three mines, the Monitor 
in particular, have been very important producers, and they are described in 
detail below. 

On the west side of the Homestake lode, between the Horaestake open cut 
and Poorman Gulch, is the remaining area whigh was worked by the Durango 
and Harrison mines. Descriptions of these mines will be found on page 105. 

Pinney open cut. — This is the most northeasterly of the 3 mines operated on 
a small area of conglomerate occupying the divide between Deadwood and Bobtail 
gulches. It is located on the extreme north end of a small spur, hence just east 
of the buried outcrop of the Homestake lode. It was one of the earliest opened 
mines of gold-bearing conglomerate in the region and yielded much rich ore, all 
highly oxidized. White quartz in the nature of broken ledge matter is said to 
have been mined from here, yielding very rich returns. 

Omega mine. — Southeast of Pinney open cut are the workings of the Omega 
mine. A tunnel runs west fron the upper Terraville road through Algonkian 
schists and the ore is mined through raises into the conglomerate above. The 
conglomerate is about 12 feet thick and lies under a roof of friable, shal}' sands. 
The stopes of the old mine are largely caved. The conglomerate was oxidized 
and contained a great number of fragments of schists of somewhat angular 
character; the remaining material was oxide of iron. Lenticular masses of quartz 
were encountered ' in the schist. They strike northwest and dip east, and are 
said to cany free gold in workable amount. They are supposed to be small 
veins parallel to the main Homestake ore body. The yalue of the ore in the 
Omega mine is reported by the management to be ^ per ton, of which $1.80 to 
$2 can be saved by amalgamation. The rest is refractory and can only be 
extracted by cyanidiug. 

MONITOR, GENTLE ANNIE, AND 11 A WKE YE PLUM A MINES. 

These three mines open up the area of gold-bearing conglomerate that lies 
beneath the heav}' porphyry cap on the hill .east of the Caledonia ore body. The 
floor of this area slopes sharply east away from the summit of the hill. 

Monitor. — The most northerly of these three, the Monitor, is opened by a 
tunnel at the head of the South Fork of Bobtail Gulch. The tunnel extends south- 
eastward and the workings run east and south so as almost to connect with those 
of the Gentle Annie and Hawkeye-Pluma mines. The tunnel which opens up the 
mine is in the Algonkian schist some distance below the conglomerate outcrop. 
It passes southeastward through schist into a large basin-like mass of conglom- 
erate in which great chambers, often 20 feet high and 100 feet wide, have been 
excavated. The roof is a friable,' cross-bedded sand, often loosely coherent and 
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interrupted by bands of a finer texture composed of sand, scales of mica, and argil- 
laceous material. In the roof is a series of iron-stained fractures following many 
different directions and intersecting one another. Some of these can be traced 
down into the ore, where the}' become lost among the pebbles of the conglomerate. 
The latter contains many ver}' large bowlders and numerous fragments of schist. 
It is cemented by oxide of iron, but in many places this passes gradually into a 
matrix of p3M'ite. Where the workings approach those of the Pluma mine little 
or no oxidation has taken place and the quartz pebbles are em})edded in a solid 
pyritic matrix sometimes showing cavities lined with druses of the same mineral. 
The conglomerate is frequently interrupted by interbedded layers of quartzite. 

0*fnth Annie, — The workings of this mine are situated east and slightly 
north of those of the Monitor. They are opened by a tunnel at the head of the 
gulch next east from Bobtail, which is tributary to Deadwood Creek. The 
conglomerate in this mine is underlain b}' a sheet of rhyolite which has been 
intruded between the conglomerate and the schists. As the porph\'r3' dips south 
the drifts cut through it into the overlying conglomerate, and at the extreme 
southern end of the mine the latter rests directly upon the Algonkian schists, 
the porphyiy having passed downward into the rocks of this series. The 
conglomerate, where exposed in the stopes, shows a thickness of from 2 to 6 
feet, but only the basal portions have been mined and the actual roof has not 
generally been reached. The greater part of the conglomerate is unoxidized, 
the pebbles being imbedded in a matrix consisting largely of pyrite. The 
porphyry is itself impregnated with pyrite, although no increase in this mineral 
could be detected near its immediate contact with the overlying ore. 

Uawkeye-Pluina, — To the south of the Gentle Annie is the third of the three 
mines operated upon the Caledonia conglomerate area. Here the hill is capped 
by a heavy sheet of rhyolite, under which is dolomite, quartzite, loosely bedded 
sands, and finally about 40 feet of conglomerate, the lower portions of which 
are gold ^)earing and rest upon the Algonkian schist. The mine is opened by a 
shaft and four tunnels. The* tunnels run westward from the brow of the hill 
through the schist into a basin of conglomerate, the gold-bearing j)ortion of 
which forms a channel trending in a general way north and south, and with an 
average width of 60 feet. This channel is nearly 1,300 feet long, and strikes 
about N. 60^ E. foi- about 400 feet in the southern and a few degrees west of 
north in the northern 900 feet. It lies approximately 200 feet west of the 
outcrop. On the east side of this channel the schists rise very gradually, so 
that the three northerly tunnels soon pass from it into the overlying conglomerate, 
but on the west the rise is extremely steep and the ore is cut off by the 
sandy beds that form the roof. An incline has been run on this western contact, 
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and farther south a tunnel h&s been driven for 375 feet into the schists, upraises 
having been made to the contact above. These relations may be readily made out 
from PI. XVIII (p. 214). The ore is nearly 4<) feet thick in places, but the average 
would probably not be more than 6 or 8 feet. In the northern end of the workings 
the greater part is still in the pyritic condition, the oxidation having Ijeen confined 
to the southern portion of the ore body. When panned lK)th pyritic and oxidized 
ore show fine scales of waterwom gold. Statements are conflicting as to the 
value of the material which has been removed^, but from the fact that the mine 
was profitably worked in very early days it is probable that the grade was quite 
high. A series of assays of the ore now exposed in the workings, made during 
a systematic sampling of the mine, shows that the high values of from $10 to $12 
per ton are confined to the material forming pillars in the center of the stopes, 
while the marginal conglomerate does not contain suflicient gold to be profitably 
worked. The mine has now been idle for some years. 

MI]STC8 IN RKFRACTORY SILICEOUS ORES. 

As previously described, the refractory siliceous ores occur in five fairly well- 
defined areas, each of which is separately considered in the follow ing pages. The 
individual mines are described and no attempt has been made here to give a 
general geological treatment of these areas, because such will be found tn the 
main body of the text imder the heading '^Ai'eal distribution-' on page 144. 

BALD MOUNTAIN AREA. 

The Bald Mount«iin area is the largest and includes the greatest number of 
mines from which ores of this clasH are obtained. The ore bodies are taken up 
and described according to rough groups in which they may for convenience of 
description be divided. Those an* shown and named on the map. PI. IX (p. 214). 
The individual mines are doscrilHHl fi-om north to south within the limib^ of each 
group except wheiT* a mine (K'cupieH int(M*niediatt> jxisition. 

Bxixton mine. — The Buxton niiru* is situated on the eastern extremity of the 
divide between Nevada and Kantail giUches, just alH)vo the loop in the Fremont, 
Elkhorn and Missouri Valley Itallmad. The workings are upi^n the basal quartzite 
and were opened by tunnels on op]MiHite hI(1<^h of the divide; they are now inac- 
cessible. The ore shoot is very near tlu^ Hiirfacc^ and is re[H)rte<i to have had a 
general north-south direction. The- ndne wuh an extremely rich one, having 
produced high-grade ore in conHlderahle i|imMtit.v. 

Retriever mine, — About 8(H) feet we«t of the Hiuton is the Retriever mine. 
The ore is in or near the basal (yamhrhin «(imrly.lti% on the s^ime divide between 
Nevada and Fantail gulches, upon whieh a loni/ loiiKUe nf still unenxled Cambrian 
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above the Al^nkiaiu but at the southern end of the mine it gives place to 
porphyry, which gradually rises from the floor until the ore is completely cut 
off. The roof is shale. At the north end the Golden Reward shoot attained the 
unusual width of 340 feet, a width greater by U30 feet than that of any ore 
^hoot in the region. This ore Ixxly extended south into the Golden Reward 
mine for 125 feet, and then it divided into three smaller shoots, the two westerly 
following S. 30^ W. fractures, and the others running in i\ direction slightU^ 
east of south. Almost all of the workings are now iiuiccessible, but the fact that 
it separates at its southern end into two series of or(»-l)earing fractures having 
the usual directions makes it probable that its great size is due to the intersection 
of numbers of north-south and N. 30^ E. fractures. A north-south fault occurs 
near the eastern side of the (iolden Reward ore lK)d3' and throws the ore down 
on the east side; the throw is 8 feet, gradually decreasing to nothing at the 
south end of the mine. There is a space l)etween the two faulted portions of 
country rock of about 18 inches in width which is tilled with fragments of schist 
and porphyry. 

Bi'(/ Bonanza m!ne, — This mine is situated on the divide separating Fan tail 
and Stewart gulches between the workings of the Golden Reward on the west 
and those of the Little Bonanza on the oast. The ore outcrops on the north side 
of the divide, where it is opened by a tunnel. The shoot is very extensive. It 
occupies almost the entire claim, and is often 15 feet in thickness. It rest^i on 
quartzite and comes in conUict with a large dike of phonolite on the west side. 
The workings are now inaccessil)le. This has been a very productive mine. 

Fannie mine. —The Fannie mine* is ojiened by a shaft situated on the southern 
side of the broad divider between Fan tail and Stewart gulches to the northwest 
of the Little Bonanza, nortluMist of the Big IVonanza, and about 5<M.) feet east of 
the long shoots of the South (rolden Reward. The shaft is 205 feet deep, and 
according to F. R. CarjMMitiM' aifords the following section: 

Si'ctiim in Famiic )thi\fl. 

Feet. 

C -ainhrian hIihIoh 70 

Cambrian fihalcH, contiihiliiK a littlf on* .• ^ 

Cambrian nbales 4 

Trachytoid phonolite 165 

Cambrian shalos and ilolomitf 12 

Ore 10 

The mine is now inaceesslble; hut from the foreman, Mr. R. Roiida, the 
following statements have Imhmi <ibt4iln(Ml: TIuto are four iKxlies of ore. One 
small shoot trends about N. 12" W., is lo f«M»|. in thicknoss, and aUmt 30 feet in 
width. It lies on porphyry. \Vi*«t of thlN \s h \mm\ slumt aUnU 65 feet in 
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maximum width trending likewise about N. 12^ W., and dividing into 3 narrow 
shoots toward the north. This shoot wa.s possibly 40 feet higher than that to 
the east, but was situated on or near the .basal quartzite. Both of these shoots 
are about 150 feet lower than the workings of the mines to the north and 
west, but are on the same level with the Sundance shoot to the south, with 
which the more easterly is probably connected. To the east are two other 
small and low-grade shoots trending about N. 10^ W., and almost north of the 
large shoot of the Little Bonanza mine. The probable cause of the difference 
in altitude of the shoots lying in and about the Fannie mine is the intrusion of 
a sill of trachytoid phonolite from the cast. The phonolite has broken irregu- 
larly across the (.'ambrian so that the ore-bearing beds sometimes lie below and 
sometimes above the eruptive. The ore from the main shoots of the Fannie 
was of good grade and contained nuich fluorite. 

Little Bonanza mine, — On the north side of the divide between Fantail and 
Nevada gulches is the Little Bonanza mine. It is separated by a large phonolite 
dike from the workings of the Big Bonanza mine on the east. On the west side 
of this dike is a fault that throws the basal Cambrian quartzite down 40 feet on 
the west side, thus producing a corresponding difference of elevation in the ore- 
bearing beds of the two mines. The Little Bonanza is opened at the north end 
by two tunnels. These follow narrow ore shoots, which trend north and south 
and are separated from each other by a slight fault of possibly 2 feet with the 
downthrow on the east side. As one follows these shoots southward they unite 
and the shoot becomes broader until 7oO feet south of the opening it is 200 feet 
wide, although interrupted by a northwardly projecting tongue of unmineralized 
dolomite that divides it into two portions. From the north end of the mine 
southward the quartzite assumes an increasingly steep dip to the southeast, which 
at the widest portion of the ore ])ody amounts to 30 ". Together with this 
dip a series of mineralized fractures with small displacements diverge from 
the slight fault at the north end, so that in the widest portion of the stope to 
the .south the ore on the east side is 100 feet below that on the west. The 
amount of displacement along these fractures is generally small, though it some- 
times amounts to feet. The difference in elevation of the two sides of the 
ore body at the south end is brought about by dip and increase in the number of 
diverging fractures nither than by inc 'ease in displacement. The most westerly 
portion of the shoot continues south at about the same elevation as at the mouth 
of the tunnel, but divides into three almost parallel shoots. The central shoot 
is 540 feet long and widens out to about 25 feet, and is in contact with a masss 
of phonolite on the west side. A large part of the ore mined was of the blue 
or sulphide variety. 



188 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

South Oolden Reward mine, — ^The South Golden Reward is opened by four 
tunnels situated on the south side of the divide between Fantail and Nevada 
gulches and directl}^ opposite those of. the Isadomh on the south. The workings 
are on quartzite and above the phonolite sill that extends westward from Sugarloaf 
Mountain. The ore was obtained from two large shoots trending a little west of 
north, which averaged 6CH) feet in length by 00 in breadth, but dwindled away at 
the northern end. Two small shoots lay to the west of these larger ore bodies. 
The mine is now inaccessible. 

hadorah mine. — The Isadorah is worked through two tunnels that open in 
the south side of Stewart Gulch just south of the opening of the South Golden 
Reward. Two small shoots were mined. The easternmost trends north and 
south and rests on quartzite which lies above the sheet of phonolite that extends 
eastward from Sugarloaf Mountain; the westernmost trends N. 10^ W., and lies 
upon shales about 4: feet above quartzite. A small auxiliary shoot lies on quartzite 
a few feet west of the second ore body. It trends N. 20° W., but is very 
small. The mine has not been very productive. 

Sundance mine. — ^The Sundance mine is worked from a shaft situated in 
Stewart Gulch about 280 feet west of its junction with Whitetail Creek. It is 
265 feet deep and penetrated the same phonolite mass as that cut in the Fannie 
shaft, probably the western extension of the Sugarloaf mass. The ore is 600 
feet east of the shaft and lies on or near basal Cambrian quartzite. It occurs in 
a single shoot 10 feet thick and of very considerable size, and follows a zone of 
fracture striking north and south. The shoot had not been explored at the time 
the mine was visited, but it has since proved to be a ver^' extensive ore body. 
The strata of the Cambrian are horizontal above and below the ore, but dip 
slightly away on the east and west sides. The ore was completely oxidized and 
of very good grade, averaging about $25 per ton and in individual instances 
containing much higher values. This shoot is probably connected with the more 
westerly of the two shoots in the Fannie mine. 

Billy mine. — ^This mine is opened by a tunnel located on the west side of 
Whitetail Creek just north of the mouth of the north fork of the same creek and 
opposite the openings of the Ruby Bell. It runs west and intersects three small 
ore shoots that trend north and south to N. 7*^ W. and follow groups of parallel 
fractures with the same trend. The ore lies on the Imsal Cambrian quartzite 
beneath the heavy sill of tiuchytoid phonolite that extends northeastward below 
the workings of the Isadorah and Golden Reward mines. This sill gradually 
breaks down across the Cambrian until 800 feet west of the mouth of the tunnel 
it completely cuts off the ore- bearing beds. The Billy has not been a productive' 
mine. 
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a floor of erydtaliine dolomite, but was closely in contact with an even roof of blue 
shales above. This phenomenon Ls repeated in many mines and seems to show that 
where an impervious stratum has prevented the upward flow of mineralizing waters 
the silieification has extended from such im|)ervious beds downward, reaching the 
floor of unreplaceable rock that underlies the dolomite only along the lines of 
fracture. 

The ore of the Ross-Hamiibal was unoxidized sulphide ore. It carried about 
80 per cent of silica, and contained much fluorite. A segregation of pynte at 
the bottom of the ore body is reported by the owners. Some of the ore contained 
uraniimi, and, according to F. C. Smith," 255.08 ounces of silver per ton, with 
but 0.44 ounce of gold. This was exceptional, however, as the ore was charac- 
teristically an ore of gold. The shoot was a rich one and is rejwrted to have 
yielded an average of 'iSo per ton in gold. 

Union mine. — ^The Union mine is opened by a shaft situated in the bed of 

Whitetail Creek about 1,750 feet south of its junction with Stewart Gulch. To 

the east is Sugarloaf Mountain, to the west is the broad, sloping area that forms 

the east declivity of Terry Peak, known as Ruby Basin. The shaft passed through 

the following rocks: 

iSeiiion of Union »hafi. 

Feet. 

Phouolite 80 

Shale and dolomite 20 

QparUite 7 

The phonolite encountered in the shaft is part of a large eruptive mass of lacco- 
lithic character which was intruded in the Cambrian series a short distance above 
the basal quartzito. The workings of the mine have been run in the dolomite 
that intervenes between phonolite and quartzite. 

From the bottom of th«^ shaft a long cix)sscut extends east and west. In an 
easterly direction it runs 500 feet, then turns south and follows a S. 50^ E. 
coui'se for 600 feet, (H)nnecting with the National shaft. No ore lx)dies were 
found on this side of the sluift. To the w«»Mt it extends 2,200 feet and in this 
distance four ore liodies an^ oneount(M*ed, known as Nos. 1, 2, 8, and 4. The 
first or No. I shoot lies ulM)ut 100 f«ot west of (he shaft. It is the largest ore 
shoot of the mine, ranging from 5<) to 2i)i> f«M^t in width by about 8 feet in thick- 
ness. It was worked at the time of inspection to u length of 1,750 feet. Its 
trend is nearly due north and houIIi and it is probably connected at its northern 
end with the Ruby I^^ll shoot. On the went of tlu^ oiv Inxly a porphyry dike 
appears at intervals and rtn«)ther may be nnen in tlu* ore south of the shaft cross- 

aTrHiih. Am IiiaI MIii Kiim.. \tt\ I'l, y. iiu. 
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ing the shoot in a southwesterly direction. The ore in this shoot rested upon or 
very close to the basal quartzite and beneath a roof of fine, impervious blue shale. 
The other three shoots of the mine lie 650, 1,500, and 1,925 feet west of the 
shaft and all trend in a general north-south direction. They differ from the 
No. 1 shoot in \y\ng from 4 to G feet above the basal quartzite upon a floor of 
dolomite through which the ore extends downward only along the supplying 
fractures. The roof is of shale or phonolite. In places the latter rock is 
extremely irregular, often bulging down into the ore and sometimes passing com- 
pletely across it and through the quartzite below. A good example of this is 
given in the sket^'h (tig. 10), which is a portion of a longitudinal section of the 
south end of the No. 4 shoot. 

A general cross section of the No. 8 shoot is given on PI. XI, // (p. 214). 
These shoots are also narrower than the No. 1 shoot, but as they are not completely 
mined out their length has not been determined. The ore of the No. 2 shoot was all 
sulphide ore. Between the No. 2 and the No. 3 shoots the crosscut intersects a 

body of phonolite about 500 feet in 
thickness, which is probably con- 
nected with the large phonolite mass 
encountered in the shaft, or that 
which forms the Sugarloaf Moun- 
tain laccolith. According to those 
who worked the mine assays of this 
phonolite were made from time to 

l^^Q. 16.— Cro8s section of a jiortion of No. 4 >h«H)t. L'num ininc, . j i_ j i 

Bhowing the concentnition of ore bcuealli an irregular pho- tmiC imd shoWCd ValUCS ranging 

noiite roof. f rom a fcw ccuts to as much as $2 

in gold. The rock is extremely fresh and if these values have been introduced at 
the time of ore deposition they have been accompanied by no visible alteration. 

ALPHA-l»LUTUS-MOC?UL GROUP. 

Clinton mine, — On the south side of Nevada Gulch slightly farther below 
the opening of the Alpha-Plutus mine are the workings of the Clinton. The 
tunnel is situated at the bottom of the gulch on the basal Cambrian quartzite, f)5 
feet below the porphyry sill, which is exposed along the railroad on the south 
side of the gulch. To the east this intrusive sill breaks down across the Cam- 
brian, so that the workings of the Retriever and Buxton mines to the east are 
elevated to a horizon above the porphyry to which the name of upper contact 
has been erroneously applied. One hundred feet from the mouth of this tunnel 
two narrow ore shoots are exposed, separated by about 25 feet of unmineralized 
rock. The longest trends due north and south; the other slightly east of north. 
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The country rock is an extremely decomposed gouge-like alteration of the dolo- 
mite or "sand ixx^k."" At the south end a cross shoot occurs following a vertical 
trending N. 22^ E., and another very small shoot trending north and south lies 
a few feet to the east. The shoots dip slightly to the south. This mine has not 
been a very productive one. 

Alpha- PiiitHi* mine. — The workings of the Alpha-Plutus lie beneath l^ld 
Mountain on the north side of Nevada Gulch and extend from the loop in the 
Fremont, Elkhom and Missouri Valley Railroad eastward. They constitute the 
northward extension of the Tornado mine. The mine is opened b\' a long west 
crosscut which extends from the north side of Nevada Gulch westward for 
l^i'^O feet. The country rock is the usual dolomitic limestone that lies directly 
upon the basal Cambrian quartzite but is all in a highly oxidized condition. 
Nine hundred feet west of the opening is a fault which throws the quartzite up 
80 feet on the west; again to the west of this is the continuation of the great 
Tornado fault that throws the quartzite up about 8(X> feet on the west side. On 
the space between these two faults are three long, narrow ore shoots lying at the 
same elevation as the northern end of the big Tornado shoot. One of these is 
the continuation of the Tornado shoot and trends N. 20"^^ E., the intervening por- 
tion having l>cen cut away by the erosion of Nevada Gulch. This shoot is cut in 
two by the so-foot fault, which seems to be post-mineral. West of this about 
100 feet is a shortei- parallel shoot from the north end of which a shoot trends 
S. 12^ E. int<!rsecting the tirst-named ore body. On the east or downthrown side 
of the 80-foot fault are sixteen narrow shoots varying from 50 to 600 feet in length 
and trending N. 20^ W.; N. 15 W.; N. «0^ W.; N. S.; N. 25^ E., and one small 
shoot N. 45 W. A few small dikes of grorudite striking N. 7^ W. were cut in 
the northern portion of the mine. ITiese shoots aiv widely spaced and uni- 
formly narrow, f<».w of them exceeding 5 feet in width, and are often very high, 
sometimes lK»ing stoped up for 15 feet. The fractures were open and manifold 
and no displacements (U)uld Im» iAm*rvM\ at inti^rsiu-tions. All of the shoots dwindled 
to mere verticals in a northerly dinu^tion. 

This mine has pnHiuced eoimiderable oni, Init most of it of slightly lower 
grade than that on the south AiU* of Nevada (Julcii. This is the only mine on 
the north side of Novatla (iuhJi in which any appreciable amount of ore has been 
found. 

T<yrnado w////^.— The Tornii/lo \\\\%\i\ Im worked through a shaft 315 feet in 
depth, situated 720 feet west nt the mllroiiil trestle in Fantail Gulch. There are 
36 distinct shoots of ore In the mine, which Ijr upon or clcKse to the basal 
quartzite of the Cambrian and alMiut 'Xfi Uuti lilMivc^ tlu^ Algonkian. A very good 
idea of the relative position and am* nf thene on* HJioots can l)o obtained from 
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the map, PI. IX (p. 214). Two of them were of exceptional size, and have fur- 
nished the larger portion of the output of the mine. The main, or ''Big," shoot, as 
it is termed by the owners, is the largest single body of refractory siliceous ore 
yet mined. From its outcrops in Nevada Gulch beneath the railroad trestle it 
extends in a direction slightly east of south for a distance of 1,225 feet. It then 
turns to a direction S. 15° E., which it follows for the balance of its course. 
At the north end it is about 10 feet in width, but widens as it is followed 
inward until at a point 210 feet directly west of the Tornado shaft it attains a 
maximum width of 180 feet. From this point south it narrows to about 10 feet 
and again widens at the southern end, where it passes into the property of the 
Horseshoe Company. The thickness of the ore between quartzite and overlying 
shales is about 6 feet, but increases at some points to upward of 14 feet 
The roof of the ore is shale for the greater part of the length, but at several 
points this is replaced by a sheet of igneous rock. The floor upon which the 
ore rests is in most cases quartzite, which at several points gives place to a 
projecting sill of tmchytoid phonolite, connected with a dike on the west. In 
the south end of the mine the Algonkian projects up into the ore, and is itself 
reported to have carried refractory values which in some cases reached $12 per 
ton. Seven hundred and fifty feet south of its outcrop in Nevada Gulch, the 
Big shoot is thrown down 72 feet on the south by a fault, striking N. 22^ E. 
For some distance north of this fault, and through the northern end of the 
downthrown portion to the south, the continuity of the ore is broken by many 
north -south porphyry dikes of varying thickness. From a point directly west of 
the shaft the ore comes closely in contact with a large 60-foot dike of trachytoid 
phonolite on the west side. This dike extends far south into the workings of 
the Mogul mine, where it finall}^ dwindles to nothing. The direction of the ore 
body from the point where it joins the dike is S. 12° E. for the rest of its 
course. Many small shoots of ore, with varying strikes, join this large body on 
the east side, and the grade of the ore is increased at such junctions. The ore 
is partially sulphide and partially oxidized, and carries average values of about 
$17 per ton. It is higher in the vicinity of the dikes and faults at the northern 
end, but becomes considerably lower at the point where the shoot attains its 
greatest width. 

The other large shoot of this mine is that known as the Bottleson shoot. It 
extends from a point 600 feet north of Nevada Gulch for a distance of 1,600 
feet to the Bottleson shaft and is there deflected to the west. Three hundred 
feet south of this shaft it terminates in an ore shoot 30 feet in width, trending 
S. 47° E., which occurs along a fault fissure that throws the southwest side down 
8 feet. At the southeast end of this cross shoot are two other ore bodies, one 
4d87— No. 26—04 13 
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small and extending 700 feet to the northeast; the other large and irregular and 
extending 1,100 feet to the southwest, with a strike of N. 25° to 30° E., finally 
uniting with the long narrow ore body known as the " E " shoot. This has been 
considered on the map as a part of the Bottleson shoot, although really a separate 
ore body. The width of the Bottleson shoot varies from 25 to 65 feet. The 
roof is shale, and the floor at times quartzite and at times dolomite. Many 
interesting fractures occur in the roof, following the longer diameter of the ore 
body. Twelve of the other smaller shoots of the mine are parallel to the southern 
end of the Big shoot, and trend between N, 12^ and N. 15° W.; thirteen trend 
between N. 15° E. and N. 30° E.; one trends N. 47° W. 

One hundred feet east of the Tornado shaft is an ore body 700 feet in 
length, known as the *'A" shoot, following a manifold fracture with a N. 20° E. 
trend. Between this shoot and the Bottleson shoot, a distance of 500 feet in an 
easterly direction, is a long crosscut, which runs upon the basal quartzite and 
intersects no ore-bearing fractures. This barren region forms a syncline in 
which the quartzite and overlying limestone dip away from the ore bodies in 
either direction at angles of 20° and 15°, respectively. 

At the south end of the mine, and about 350 feet east of the phonolite dike, 
is a comparatively narrow ore body 950 feet in length, known as the "E" shoot. 
The ore in this shoot was of good grade, often averaging as much as $35 per 
ton. It followed a strong vertical, which shows little or no displacement. The 
ore — like much of the ore in this part of the mine — does not rest on the 
quartzite, but lies at a distance of perhaps 4 or 5 feet above it at the north 
end of the shoot. This interval increases to 12 feet where the shoot passes into 
the Mogul ground. The floor consists of dolomite. 

Besides these four shoots described, there are on the east of the large 
phonolite dike previously mentioned twenty-eight other ore bodies that have added 
materially to the production of the mine. While not separately considered here, 
a very good general idea of their relative size and impoilance may be obtained 
from the map (PI. IX, p. 214). 

On the west side of the large dike which forms the west wall of the large or 
main ore shoot the conditions are somewhat different from those to the east. At 
a varying distance west of the porphyry the crosscuts which penetmte this dike 
encounter a displacement which throws the west side up for a distance of nearly 
300 feet. In Nevada Gulch this fault is reported to have l>een very near the west 
side of the phonolite dike, but at a point northwej^t of the Tornado shaft it diverges 
from the dike, which is deflected to the east, so that on the boundary between the 
Golden Reward and Horseshoe properties the two are separated by an interval of 
700 feet. This fault continues into the Horseshoe property and ap;^ears just west 
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of the Troy shaft, where it shows a clear offset of 300 feet. At the point of 
divergence it is joined by a 72-foot fault that cuts the large ore shoot into two 
portions with a downthrow of 72 feet on the east. Directly on the west side of 
the large phonolite dike there is another displacement by which the west side is 
thrown down for 40 feet at the south end of the mine. The amount of displacement 
decreases to the north, however, until due west of the Tornado shaft it is practically 
zero. This displacement, unlike the others in the mine, seems to have occurred 
at the time of the porphyry intrusion, as it is accompanied by no brecciation or 
slickensides. The porphyrys and sedimentaries show a close and typical intrusive 
contact, often exhibiting considerable metamorphism. 

Directly west of the shaft there are between these two main faults a series of 
small displacements which form narrow benches as one passes westward from the 
phonolite dike. By two of these the quartzite is elevated on the west side succes- 
sively 30 and 40 feet; others are much smaller. The actual offset in these displace- 
ments is extremely small, and much of the difference in elevation is absorbed in an 
extremely steep easterly dip. 

On the separate benches between these displacements are six small ore bodies 
which trend about N. 3^ to 5"* E. Considerable ore of good grade was found in 
these shoots, which are gf smaller size than those generally encountered in the mine. 
PL XIX (p. 214) gives an east-west cross section of the mine and will bring out 
these relations clearly. 

The ore from the Tornado mine was partly red or oxidized and partly blue or 
sulphide ore. In the early history of the mine the oxidized ore was especially sought 
on account of the additional difficulty of treating the unaltered sulphides, but with 
the more complete understanding of smelting this preference came to be disregarded. 

The ore from the Big shoot is very markedly banded on account of the 
persistence of beds of shale in a comparatively unaltered condition. In some of 
these the shale bands contain soft white clay, which has presumably resulted from 
the decay of thin seams of porphyry. This clay not infrequently contains high 
values in gold. A partial analysis of it gave the following results: 

Analym of clay from Big shoot of Tornado mine. 

SiOj 36.8 

FeO 19 

AlA 16.5 

H,0 (combined) 15.3 

Ounces of gold : 2.47 ($49.40) 

Ounces of silver 9 

It is stated that in some cases this clay carries values as high as $200 or 
$300 per ton in gold. 
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In general, the ore from this mine averages about $17 per ton in gold. In 
the northern end of the Big shoot, where many faults and a large number of 
dikes interrupt the continuity of the ore, the contained values are higher, often 
averaging $35 per ton: in the large flat body directly west of the Tornado shaft 
they are comparatively low, much of the ore mined carrying only $10 per ton. 
The ore here is little broken or disturbed. The grade is higher where the large 
ore body is joined by lateral shoots. Little or no secondary enrichment has taken 
place in the mine, for there is little relative difference between the values yielded 
by altered and unaltered ore. 

Qreat Mogul mine, — ^The Great Mogul mine is opened by a shaft 305 feet in 
depth, situated in Stewart Gulch, at an elevation 5,986 feet above sea level and 
about 1,600 feet west of the loop of the Fremont, Elkhom and Missouri Valley 
Bailroad. The shaft penetrated two sills of porphyry, separated by about 15 feet 
of Cambrian shales, the upper being relatively the thicker. Between the lower 
sill and the basal Cambrian quartzite occurred interbedded shales and dolomite, 
the more completely marbleized layers of which rested on the quartzite. The 
Cambrian rocks dip east at an angle from 12^ to 15^. The mine comprises two 
large ore bodies. The first was encountered 250 feet directly west of the shaft, 
and by reason of the strong eastward dip is worked by a horizontal drift that 
connects with the shaft 30 feet above quartzite. It is the southward continuation 
of the large shoot of the Tornado mine. It is 110 feet in maximum width and 
about 5 to 10 feet in thickness. At the north end it is divided into two portions 
by a long neck of unmineralized rock. Toward the south it gradually narrows, 
until about 1,350 feet south of its connection with the Tornado it dwindles out. 
On the west side is a dike of trachytoid phonolite sloping slightly east and benching 
out beneath the ore. From its contact with this dike on the west the ore dips 
eastward at an angle which increases slightly in an easterly direction away from 
the dike. This dike, like the ore shoot, pinches out to the south. The major 
fractures in the shoot trend north and south, but often there is so intricate a 
network of minute verticals in the shale roof that it is impossible to distinguish 
any predominant direction. West of this dike is a fault which throws the west 
side down for 40 feet at the north end and increases in amount as we proceed south, 
until at the end of the dike the displacement amounts to 100 feet. On the down- 
thrown side of this fault is the second large on'* shoot of the mine. This shoot 
is 75 feet in maximum width at the north ond and lies against the phonolite 
dike on the east side. Farther south it leavos the contact with the phonolite 
and narrows until finally it dwindles to a more vortical. On the west side of 
the ore is a ledge of Algonkian quartzite, and honoath tho ore for the larger 
part of its southerly course is a floor of tho sanio iH)ok. Tho Imsal Cambrian 
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quartzite, which became very thin below the ore in the upper shoot, is here 
entirely absent. This shoot is connected with the shaft by a drift which passes 
beneath the main shoot through the Algonkian. Iron-stained fi*actures may be 
seen beneath the easterly shoot parallel to the lamination of the schists. These 
may be the downward continuations of the mineralized fractures or verticals in 
the stope above. A cross section of this mine in an east-west direction is given 
in PI. XX (p. 214). The ore from the Mogul is partially oxidized in some places 
and completely so in others. At several points, presumably in the lower shoot, 
the ore contained great numbers of angular fragments of Algonkian rock, among 
which were scattered cr\'stals and isolated masses of jarosite. In the upper or 
eastern shoot layers of very rich clay were found interbedded with the ore. 
These often carried several hundred dollars per ton in gold. The Mogul has 
been a very productive mine. 

Little Tornado mine, — To the west of the 300-foot fault on the divide 
between Nevada and Fantail gulches are the dismantled workings of the Little 
Tornado mine. They are presumably upon the basal Cambrian quartzite, as that 
stratum is exposed at the same elevation in the Double Standard tunnel, a short 
distance to the southwest. 

There are two small shoots striking N. 10^ E., following strong, rather open 
fractures, which converge toward the north and together extend through to 
Nevada Gulch. These shoots are separated by a slight fault which throws the 
eastern shoot down 10 feet, while from the south end of the latter a third small 
ore body trends N. 34^ E., to be intersected midway of its course by four very 
small ore bodies parallel to the first two. The strata have a pronounced easterly 
dip, which, together with many slight displacements having downthrows on the 
east side, marks the approach to the great 300-foot fault (mentioned on page 127). 
Two small dikes of rock related to grorudite and striking N. 80° E. cut directly 
across the ore shoots of this mine. Country rock and ore were alike extremely 
oxidized. The mine has not been a heavy producer. 

Doxtble Standard mine, — In the head of Fantail Gulch, above the town of 
Terry, on the north side of the gulch, is the tunnel of the Double Standard mine. 
The tunnel is driven upon the basal Cambrian quartzite, trends slightly north of 
west and intersects seven long, narrow shoots of ore at 100, 150, 200, 287, 312, 
412, and 500 feet west of the opening, respectively. 

The first two are small and strike N. 10^ E. and N. 22"^ E. with a large 
dike of coarse-grained rhyolite between. The third or main Double Standard 
shoot trends N. 4^ E. and extends north 900 feet, where it outcrops high up on 
the south side of Nevada Gulch. The ore lay in close contact with a dike of 
rhyolite on the east side for 300 feet and then a slight fault has brought the 
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Algonkuui schists into contact with the 01*6. The other shoots are short and 
narrow and trend N. 25^ E., N. 30^ E., and N. 7^ E. All follow strong and rather 
open fractores, which are mainly vertical in position. Two of these shoots converged 
toward the soath, and at the point of intersection formed a large body of ore 5 
feet thick with an extremely even shale roof. Where the fractures come together 
they have slightly discordant dips and intersect one another in both horizontal 
and vertical planes, but no displacements could be detected at the intersection. 
There is a prevailing southwest dip in the mine and slight undulations interrupt 
its regularity, the shoots always lying on the crests of the anticlines. The shape 
of the ore bodies in cross section throughout this mine varied considerably, some 
being elliptical and others so irregular that the ore extended out in thin shelf- 
like masses into the country rock. A shoot was observed in which a shelf- 
likd mass of this character, about 1 foot in thickness, lay immediately beneath 
the shales that overlay the ore and extended from 3 to 6 feet beyond the main 
body of the shoot Much of the ore from this mine was unoxidized, and that 
from the shoots to the south of the crosscut carried large quantities of gypsum 
and green fluorite. 

Boscobel mine, — At the extreme west end of the Double Standard crosscut 
tunnel a 10-foot fault has thrown the basal quaitzite up on the west. On the 
upper side of this fault is the long shoot of the Boscobel, which extends south 
400 feet, where it dwindles to a mere vertical, and north for 1,050 feet to its 
outcrop in Nevada Gulch. Midway along it*! northerly course there is a small 
vertical ore shoot, a few feet to the west, striking N. 35^ E. West of the main shoot, 
where it outcrops in Nevada {jul(;h, three small shoots are situated. The two most 
westerly are at a high angle to ont^ another, so that they converge to the souths and 
together form an ore l)ody paralh^l to the main Itescobel shoot. The most 
easterly of the throe is betwcM^n the latter and the converging shoots. The 
fractures of the Bosrohnl min«^ are prominent and often inclined at a slight 
angle to the east. Pikes of rhyoliU^ lie in contact with the ore of the main 
shoot on both sides and in many ciiHes divide the ore into two portions. 

Throughout the entirt^ country betwcMMi the Hosih)Ih^1 and Double Standard 
shoots, and thence eastward aH far iw thi» mouth of the l>ouble Standard cross- 
cut, great numbers of north-south dlki^M of rhyolit^> occur. The ore sometimes 
lies in contact with thoin and at olJiern divi^rges fix)m them at considerable 
angles, showing that the otunirriwice of tlit^ o^^ is indeptMident of this igneous 
activity, so far at least as the direetjoii of ore njioots is concerned. 

The ore from the lk)Hcol)ei hIhiwh tfnmt i|uantitles of l>rilliant green fluorite, 
together with extremely large cryNhiU of Imrllts the latter embeilded tightly in 
the ore. 
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Hardscrahble mine. — In the end of Fantail Gulch, just below the sharp 
southward bend in the stream, is a long open cut from the west end of which a 
tunnel leads westward into the Hardscrahble mine and thence through to the 
Welcome shaft. South of this open cut, and south also from the tunnel, is a 
series of irregular stopes, open to the north, from which low-grade ore was 
mined. These bodies passed into fairly regular stopes toward the south, but in 
the neighborhood of the open cut the ore was included between an inextricable 
tangle of dikes, sills, and irregularly bounded masses of rhyolite. The workings 
are presumably near the basal quartzite of the Cambrian, for that rock is exposed 
in the Welcome mine to the west. Fractures pass through rhyolite, shales, and 
dolomite indiscriminately. To the north of the tunnel and open cut are a series 
of narrow shoots following fractures that trend N. 20^ E., and probably connect 
with the shoots of the Double Standard. Southwest of the Hardscrahble workings 
is a long shoot trending northeasterly, and connecting with the workings of the 
Welcome mine. It is inclined sharpl}- south, following the dip of the quartzite, and 
on the east is in contact with a dike of rhyolite. The ore from the Hardscrahble 
mine contained great quantities of purple fluorite, and some of the rhyolite itself 
was so heavily impregnated with this mineral that it contained workable values. 

Wdcmne mine, — The Welcome mine is opened by a shaft situated on the 
northwest side of Fantail Gulch,, just above its bend toward the south. It is sunk 
on a fault which strikes north and south and throws the west side down 30 feet, 
but dies away to the south. The strata dip to the south at an angle of from 10° 
to 12^. About 25 feet west of the shaft is a shoot 100 feet wide by 10 feet in 
thickness and ()25 feet in total length. This large ore body is caused by the 
occurrence of innumerable parallel fractures which, while they are- strong and 
display considerable opening, are so closelv spaced that they have produced an ore 
body of great size. (See PI. XI H, p. 214.) So close are they to one another thdt 
the shale roof has been sufficiently silicitied between to carry considerable values. 
This shoot terminates against an eastward-dipping dike or crosscutting sill on 
the west side and gradually dwindles to a mere vertical on the south. West of 
the south end of this large shoot are a great number of small shoots on fractures 
striking north and south, N. 10^ W., N. 1.5^ E., and N. 30^ E. Much of the ore 
in this mine was separated from the quartzite by from 2 to 3 feet of red dolomite. 
The Welcome has been a heavy producer. 

Harmony mine, — This mine is opened by two tunnels on the south side of 
Fantail Gulch above the town of Terry. The workings are now inaccessible, but 
from the map there seems to be a series of small shoots trending N. 5° to 10° 
E. The workings are directly south of the Little Tornado and just west of the 
great 300-foot fault. 
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Ben Hut mine. — On the south side of Nevada Gulch, some distance north of 
the opening of Cherry Creek is the tunnel of the Ben Hur mine. It runs a 
little south of west down a gentle incline through the schists of the Algonkian. 
It then encounters a dike striking parallel to the schists. On the west side of 
this dike a fault has thrown the Cambrian down so that the quartzite is on a 
level with the adit and the porph^^ry dike has turned over into a sill toward the 
west, so that about 5 to 6 feet of Cambrian-banded dolomite and shales intervene 
between quartzite and eruptive rock. Lying directly against this eruptive rock 
on the east and beneath the sill is a large shoot of ore. South of the tunnel 
the ore body turns sharply* southwest, presumably following a coordinate fracture 
and then sharply south, so as to resume its original direction which it maintains 
for a considerable distance. 

The fracture which supplied the ore passed up into the porphyry and was 
about 3 inches in width and filled with a mass of large interlocking quartz crys- 
tals, which projected from a narrow band of silica into the open space between 
the walls. This quartz-crystal ore was reported to have yielded high values. In 
the extreme south end of the mine the ore lies against the Algonkian schists, 
probably on account of slight faulting. The ore from the Ben Hur was oxidized 
and carried high values, sometimes yielding $60 per ton in gold. The mine is 
still productive. 

Baltimore mine. — ^The Baltimore shaft is situated in the l)ed of Nevada Gulch 
south of the saddle between Bald and Green mountains. The country' rock is an 
eruptive, probably related to the grorudites. This is intersected in the shaft to 
a thickness of 60 feet; below is a parting of Cambrian shale 40 feet thick, another 
sill of eruptive rock 20 feet thick, and then 110 feet of Cambrian shale and 
dolomite. The shoots are scarcely more than verticals and lie in the dolomite 
above the basal Cambrian quartzite. Two trend N. 20^ E., two N. 25° W., and 
one N. 70° E. These verticals have not been indicated on the map in PI. IX (p. 214) 
on account of the uncertainty as to their exact location. 

MINES ON THE UPPER ORE-BEARING BEDS. 

DaUy mine. — ^The workings of the Daisy mine are situated on the divide 
between Fantail and Stewart gulches just east of the 300-foot fault and directly 
over the most westerly shoots of the Tornado. They are but a few feet below the 
surface. The country rock is a green glauconitic shale, containing bands of dolomite, 
but exhibiting no heavy beds of the latter tyi>e. The ore is colored green by 
much included glauconite and contains many large cavities or vugs distributed 
without regularity. 

Upper Welcome mine. — West of the Welcome shaft and far up on the north- 
west slope of Fantail Gulch are some small workings that are at a nmch higher 
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altitude than the workings of the Welcome mine. The country rock is Cambrian 
shale containing great quantities of glauconite and intercalated layers of a dolomitic 
character, none of which are very thick. The ore was mostly in the nature of 
narrow silicified shoots following small north-south fractures, but extending only 
short distances laterally from them. Much eruptive rock occurs in rather confused 
relations. The geological position is probably about the same as that of the 
Daisy mine and may correspond to the upper contact of the Portland district. This 
and the Daisy mine to the east are the only ore bodies in the Ruby Basin district that 
are in what may be properly termed upper ore-bearing beds. The fact that the 
country rock is such an impure variety of dolomite, interrupted by many shale 
bands, indicates that ore-bearing beds which exhibit considerable uniformity of 
texture and freedom from impurities at one locality may give place to comparatively 
unreplaceable rocks at another. 

PORTLAND DISTRICT. 

Dividend mine. — The Dividend mine is situated upon the northern slope of 
Green Mountain, a little north of east from the town of Portland. It is operated 
by two tunnels running into the hillside and opening into a small tributary of 
the north fork of Deadwood Gulch. The workings are about 20 feet above the 
Algonkian upon the basal Cambrian quartzite, which dips slightly west of south 
at an angle at from 4^ to 6^. Two small flat bodies of ore were mined from the 
northeast end of the mine. They occurred at the intersection of many small 
fractures which trended N. 25^ E., N. 44^ E., and N. 18^ W. The ore rests on 
quartzite and beneath a thin bed of shale, but ends abruptly on the west against 
soft Algonkian phyllites, which are faulted up by a slight displacement trending 
about N. 78^ W. The ore in these two bodies was irregularly bounded and 
about 5 or 6 feet in thickness. Mineralized fractures pass from the ore into the 
Algonkian, in which rock they have yielded some pay ore. Another small ore 
body occurs in the extreme southwest end of the mine at the intersection of 
fractures trending* N. 30^ E., N. 38^ E., and N. 36^ W. This ore body is about 
500 feet northeast from the nearest mine, in the upper ore-bearing beds, and is 
separated from them by an interval of Cambrian strata and intruded porphyries 
527 feet in thickness. The other ore bodies of the mine were narrow shoots, sel- 
dom more than 5 feet in width, which followed rather open fractures but often 
extended to considerable disbmces in a vertical direction, in one case as much as 
40 feet from the quartzite. The largest of these fractures contained fragments of 
Algonkian schist, and was sometimes 6 inches in width. It trended N. 53^ E., 
and carried ore for 740 feet. Other small ore shoots followed fractures trending 
north and south, N. 15^ E., N. 25^ E., N. 44^-53° E., and N. 34^-40^ W. The 
fractures are open and but little mineralized when compared with those occurrijag 
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OD upper coDtact and in mines where the ore bodies are extensive flat masses. 
Dikes of decomposed emptire rock of a few feet in thickness occur in great num- 
bers; many of these have breccias along their contacts. The dikes appear to 
intersect the verticals, but the rocks are too decomposed to give positive evidence. 

The ore is of three varieties: The first is a gouge-like decomposed material 
heavilj charged with oxides of iron and manganese, and often containing 
considerable sandy fluorite; the second is a sandy material resulting from the 
disintegration of the basal qnartzdte and often mined to its contact with the 
underlying schists; the third is the usual hard refractory siliceous ore. The first 
two varieties of ore carried values of from $10 to $25 per ton, but the siliceous 
ore generally contained from $25 to $50 in gold with but little .^^'ver, which 
is strongly in contrast with ore of the same character in the upper beds, the 
latter yielding uniformly low values and a relatively high silver content. 

A peculiar, hard, ferruginous jasper occurs in this mine in the same banded 
masses as the ore, but it carries no workable values. It is termed "liver-colored 
rock" by the miners. 

Snowstorm mine, — ^The Snowstorm shaft is located in the extreme head of 
Nevada Gulch. It is about 345 feet deep and has produced no ore. It is impor- 
tant in that it comprises an extensive series of barren workings on the basal 
Cambrian quartzite and indicates that ore bodies are probably absent in the barren 
region lying east of the Portland district. 

Two Johns mine, — The Two Johns mine is located in a southwest tributary 
of main Squaw Creek, about 1 mile east of north from Crown Hill. The basal 
quartzite and about 20 feet of the Cambrian rocks are here exposed and outcrop 
all along the west bank of Squaw Creek, dipping southwestward from the great 
poiphyry mass that forms War Eagle Hill. Above the shales is a thick sill of 
rhyolite. The mine is opened by two tunnels on the basal quartzite which 
diverge at the mouth, one running southeast and the other southwest. There 
are two long, narrow shoots of ore, the southern trending N. 50^ E., and the 
northern composed of two portions, of which the eastern trends N. 70^ E. and 
the western N. 25^ E. At the junction of the two portions the ore body is 20 
feet wide, the ore of the small shoots following fractures that strike between 
N. 70^ and 50^ E. Two small dikes of oruptivo rock cross one of these ore bodies 
and the fractures do not pass through them. On the west side all of the shoots 
are cut off against an eastward-sloping wall of dark, coai-se-grained rhyolite. 
The mine has not been a very productive ono. 

Gushurst and Manchestei\—On the (iuartziti> rim Muit is exposed in the head 
and on the west side of Squaw Creek are a few small w(»rkings that belong to 
the Gushui-st and Manchester mine. There otcurriMl in those workings in the 
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dolomitic shale a few isolated masses of jasperoid rock in which irregular patches 
of galena and cerussite were found. These mines have not produced much ore. 

Labrador mine, — In Labrador Gulch at an elevation of about 5,500 feet above 
sea level is an exposure of Cambrian rocks much distorted by intrusive sills 
and dikes. There are a few workings that have yielded some refractory siliceous 
ore. These are now inaccessible. 

Decorah mine, — The workings of the Decorah mine lie on the eastern side 
of Green Mountain. They are opened at the north end b\' two tunnels about 50 
feet above the milroad and follow two long narrow ore bodies southward for a 
distance of 650 feet. The workings are about 20 feet below the Scolithics sandstone 
which lies at the top of the Cambrian series. The countr}^ rock dips slightly to 
the south-southwest, and the ore bodies trend S. 35^ W., following the dip. 
The easterly shoot is from 25 to 30 feet wide at the south end, but gradually 
narrows to a mere vertical at the north. A little south of midway along its 
course it widens to the west until it has attained a maximum width of 100 feet. 
Shales form the roof of the ore body and the floor upon which the ore rests. 
The fractures are extremely strong and open, sometimes occupying the entire 
roof of the stope. The ore is from 2^ to 3^ feet thick and corresponds exactly 
to the thickness of the replaced bed of dolomite. The more westerly shoot is 
narrower and at the south end the ore extends up into the shales that foim the 
roof, thus forming a very narrow vertical ore body. 

Trojan mine, — The Trojan is opened by a tunnel running S. 35° E., and 
situated on the north side of (jreen Mountain east of the workings of the Decorah. 
The country rock is here Cambrian shales, very glauconitic, with an interbedded 
layer of dolomite about 4 to 5 feet in thickness. The mine comprises a broad, 
flat stope about 700 feet long and Sb feet in maximum width, but narrowing 
toward the southern end. At the south end the ore is divided by a dike of coai'se 
rhyolite striking N. 35" E., which is itself greatly silicified in places, and often 
stained dark brown where it comes in contact with the ore. The ore from the 
Trojan vielded relatively high values in silver, thus contrasting strongly with the 
ore taken from the Dividend mine to the north and lying upon the basal Cambrian 
quartzite 527 feet below. 

Alameda, — The Alameda is an open cut at the south side of Green Mountain 
and is probably a continuation of the Decorah. Fractures run about S. 35° W. 
and the country rock dips about <s- in a direction S. 8 ' W. There is a bed of 
considerably oxidized flne-gmined dolomite 2 feet in thickness, above which are 
14 feet of glauconitic shales with thin interbedded layers of a dolomitic character. 
The vertical seen in this open cut shows a heavy bed of ore replacing the main 
dolomite layer, but upon passing into the shales above the silicification is 
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OGoADei to m slight replacement of the thin dolomitic layers. The ore from the 
Alameda is of low grade, not generally averaging more than $9 to $10 per ton. 

Fi^LgfT mine. — ^The Folger mine is on the south side of Green Mountain about 
150 feet west of the Alameda. The ore shoot is small and trends N. 30^ E. but 
dirides into two portions at the northern end. A few fractures are present but 
tlie roof as a whole is an extremely uniform and unbroken bed of shales. 

Perseverance mine. — The Perseverance mine is opened b3^ a tunnel situated 
about 300 feet west of the Folger and running N. 35^ E. from the south side 
of Green Mountain. There are three ore shoots, the central one of which is 
very narrow. It widens at the north end into a broad, flat stope about 50 feet in 
width in which few, if any, verticals can be observed in the shale that forms 
the roof. The other ore shoots trend in the ^ame general direction and the ore is 
aboat 3 feet in thickness. It lies between two beds of shale. In the more westerly 
shoot there are two blankets of ore, one above the other, separated by an 
interval of unmineralized shale. 

Empire State mine. — The Empire State mine is opened by a long tunnel 
extending southward from the north side of Green Mountain completely through 
the hill and connecting with the workings of the Mark Twain on the southwest 
The ore is from 2i to 3 feet in thickness and lies between two beds of imper- 
vious shales. In places it comes in contact with irregular beds of coarse-grained 
rhyolite. Fractures trend N. 25^ E. and N. 35^ E. Many of the shoots occurring 
in this mine are veiy broad and flat, the roof being interrupted by few fractures. 
The average thickness of the ore is from 2i to 3 feet. 

Mark Twain mine. — ^The Mark Twain mine is opened by a series of tunnels 
running from the head of Nevada Gulch in a northwesterly direction. The 
country rock is a Cambrian shale with two interbedded layers of dolomite sep- 
arated by about 5 feet of shale. The lower layer of dolomite is 3 feet in thick- 
ness; the upper is 2 to 2i feet. The ore forms a large, irregular channel-like 
mass 1,200 feet in length. It lies in two blankets of extremely even upper and 
lower contacts and replaces two beds of dolomite. Much glauconite occurs in 
. the shales. Fractures are present in this mine intersecting one another in an 
irregular manner. The most frequent of these trend N. 36 to 40^ E. Many 
others occur striking N. 85° E., N. 60° E., N. 50° E., N. 80° W., N. 33° E., 
and N. 10° W. The irregular character of the Mark Twain stopes is due to the 
intersection of these fmctures. At the south end of the mine the strata of the 
Cambrian bend upward sharply toward the southwest. The ore is largely sul- 
phide ore, and the values which it contains are often distributed with great 
regularity. The Mark Twain has been a very productive mine. 



MINES IN PORTLAND DISTRICT. 205 

Leopard and Jessie Lee mine, — ^This mine is entered by a tunnel on the north 
side of Green Mountain, a few feet east of the town of Portland. The workings 
lie about 20 to 25 feet below the Scolithus sandstone which is exposed in the 
cut of the Burlington and Missouri River Railroad near the railroad station. 
The ore occurs in large irregular flat masses, about 40 feet in maximum width 
and about 2 feet in thickness. It lies apparently upon a 3-foot sill of coarse- 
grained rh^'olite and beneath argillaceous and glauconitic shales. The fractures 
in the roof are extremely small and follow directions N. 20*^ E., north and south, 
and N. 20^ W. 

Burlington and Oolden Sands mines. — The Burlington and Golden Sands mines 
are opened by a tunnel that enters the north side of the hill just above the rail- 
road. A few feet from the mouth of this tunnel is a long crosscut that runs 
southeast and connects with the workings of the Leopard and Jessie mines. In 
the shoot there is intersected a series of broad shoots of ore trending as a whole 
about N. 35^ E., and lying about 18 feet below the Scolithus sandatone that forms 
the uppermost layer of the Cambrian series. The ore-bearing beds are about 2^ 
to 3 feet thick, but are interrupted by more than the usual number of shaly 
layers. They are overlain and underlain by glauconitic shale. There is a slight 
southwesterly dip throughout the mine. The fractures are widely spaced but 
extremely strong, for the silicification has often extended for 6 inches from them 
in the shales that overlie the ore-bearing beds. The shoots follow fractures which 
trend about N. 35^ E., and are intersected by others running N. 13^ E. and occa- 
sionally N. 60^ E., the largest bodies of ore occurring in the vicinity of such 
intersections. The ore is about 2^ to 3 feet thick. At the southeast end of the 
mine another blanket of ore was discovered about 6 feet above the first and 
separated from it by glauconitic argillaceous shales. 

Portland mine, — The Portland mine is situated west of the town of Portland 
just south of the crossing of the narrow and wide gage railroads. There 
are two dolomite beds that carry ore, all dipping slightly southwest and inter- 
bedded with argillaceous and glauconitic shales. At one point there is a small 
bed of dolomite 8 inches thick intervening between the other two. These beds are 
not continuous over an}' very extended area, for they often become shaly or gi*ade 
into comparatively unreplaceable rock. The more easterly portion of the work- 
ings is about 20 feet higher than that to the west, and comprises an open cut and 
three vertical very narrow and high ore bodies, all in the shales that overlie the 
principal ore-bearing beds. The ore from these workings contains very high 
values in silver, but, as is usual with ore bodies in the comparatively impure 
dolomitic shales, extends but short distances from the supplying fractures. There 
are three large verticles of this type trending N. 25^ E. and a smaller one 
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N. 4«»^ E. In the western workings which are opened by a long southeast cross- 
cut are sevei-al small shoots containing blankets of ore, generally not more than 
2 feet in thickness and following strong fractures which trend N. 20^ E., N. 25^ 
E., N. ;5<» E., N. 40- E., N..55^E., N. 80- E.,andN. 35^ W. Intersections are 
generally without appreciable displacement. The N. 25^ to 30^ E. fractures are the 
stronger and the most of the ore bodies trend in that direction. The Scolit/nos 
sandstone lies alx)ut 25 feet above the lowermost blanket of ore. The most 
westerly stope of this mine is a small shoot 20 feet high but of small horizontal 
dimensions. It yielded ver}' high values in silver. A considerable amount of 
ore has lieen mined from the Portland. 

Clli^Um uane. — The Clinton mine is located about 1,500 feet west of the town 
of Portlaiwl aiKl is worked through a tunnel connecting with the Portland mine 
to fch^ nr>Ttbf?a-it, The country rock is the glauconitic shale of the Cambrian and 
int^r-b^d^d lay^r<< of dolomite that lie about 20 feet below the ScoUthus sand- 
^rnw^ and r/>nj*tJf.nf^ thft so-calM '* upper contact." 

Tfw^Tft are thrf?r, tariff; •ib<K>tH in the mine. The more easterly shoot is 6 to 8 
t^fK% wid#r,. it^tv(U N, 44^ E., and in about 300 feet long. The ore is 3 feet thick, 
th^ ma^r^T* U9kt%nf^ tr^nd N. 25^ E., N. 32^ E., N. 44^ E., and N. 50^ E.; minor 
fiwf4»i*m t\\i>t nfptfh ami ^>iith, N. 86^ E., N. 85° W., and N. 58^ W. The large 
•itkwf i*^ frvfm^f fry flh#5 \ftif^rmctlou of major fractures running N. 32^ to 44^ E., 
fmd rnirtAf ffmi^nf^ running N. ttir to 86^ W. This large shoot divides at the 
fU\rfh An4 \^f/r l^o ffffHUfnn. Tho other shoot is 30 feet northwest and trends 
>f. ;*# (t., tMUi^\tff( ^mrnlM frm'tureH with the same trend. Forty feet east of 
rtl#« lAn^lf rv#f*r»/'rv^ 4fHf(d U M n\uH9l trending N. 53^ E., and crossing at a small 
»fHll4*^ j| 4^}^\4<< f4 fmtnSM irm'iun^n striking N. 32^ E. The Clinton has been 

Oif&Yt^^^^/f fftifif. '^h^ (JiHifiUdii U a nmall but comparatively unproductive 
»HlHf» rf^WVivf K»^r M^ ^H^i of fhit Portland and south of the i-ailroad. The tunnel 
iH (^kVfi f hftfW^^ 4/^^f#<ithaf Imwhi' than that of the majority of mines in the 
t¥fjfit'rf\ f*Hf^ /'^A H Um lifr^lK ttfid (MMUifN in several blankets, replacing beds of 
'Uiit'fiMif ti^'t -i^fmffftM^ ^V ¥t$ry\uu liiN*rvaI« of glauconitic shales. The mine 

'Iniif, hahf^hf fffhff Tf^U miImo U on the northeast side of Annie Creek on 
,i -ikiW \mi \^}1'< ^^ff hfffu i^iiUiy VIouMtaln, It has yielded but little ore and 
fhirt "f M' '' ^/r'fr4l^ 4^ fUHUf H«i wU «»iimll blankets of ore are reported to have 

l.itAU ARRA. 

*\//f ///f/r *tfff^ ^t^if^ ^'^l'*^* ^MMi(M'U«i»i an open cut north of the junction of 
f-^ ;;,,.* ffihrh imi h(iV\ \\m mikiwvhMmI dlmaly u|K)n the basal measures of 
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the Cambrian. The ore is of two varieties, one containing much barite and 
carrying refractory values in gold ranging sometimes as high as $25 per ton, 
the other carrying irregular patches of granular wolframite. The mine has not 
been very productive. 

Harrison nime, — The Harrison mine is situated on the top of the hill just 
north of Lead. It is opened by a tunnel that trends northward and the ore lies 
but a few feet below the surface. The strata dip quite sharpU^ toward the east. 
There are three varieties of ore in the mine — refractor}^ siliceous ore, tungsten 
ore, and auriferous conglomerate. 

The refractory siliceous ore lies in the dolomite directly on the basal 
Cambrian conglomerate and beneath a roof of shales. It forms a blanket about 
3 feet in thickness. It is a whitish granular-looking rock, often mistaken for 
mineralized quartzite, and carries great quantities of barite in crystals and 
irregular masses. The average yield of this ore is $60 per ton in gold. 

The second variety of ore is a granular wolframite which appears as a rim 
around the refractory ore and generally forms a capping of variable thickness 
to the latter. It also appears as irregular patches throughout the siliceous ore. 
This wolframite contains many cavities in which crystals of wolframite together 
with white and green scheelite occur in considerable abundance. Fine radiating 
aggregates and a few distinct crystals of barite are scattered through it, and a 
drusy coating of gold-^^ellow ferric sulphate, which is often mistaken for 
tungstite, covers the more oxidized specimens. 

The third variety of ore is the auriferous conglomerate, which has a thick- 
ness of 15 feet and lies below the refractory ore in a depression upon the 
Algonkian surface. This conglomerate was all highly oxidized and consisted of 
water-worn pebbles of quartz and Algonkian quartzite with a few fragments of 
schist embedded in a matrix composed of finely divided detrital quartz and iron 
oxides. Some free gold occurs in the conglomerate, which is richest in the basal 
portions. The depression in which this occurs is 78 feet wide and trends north- 
west. It is reported to have been ]x)unded by slight elevations in the Algonkian 
surface. 

This mine has been productive for more than eighteen years. 

Icnna and Golden Crown mine, — North of Lead and just above the Black Hills 
and Fort Pierre Railroad is the tunnel of the Reddy mine. A great quantity of 
whitish siliceous ore, containing quantities of barite, was mined from small shoots 
that trended northwest. The workings extend through to the opposite side of 
the hill. 

DeadAJoood'Terra mim\ — In the Cambrian strata that lie beneath the rhyolite 
cap on the divide between the De Smet and Deadwood-Terra open cuts great 
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quantities of rich siliceous ore were found resting almost directh' upon the Algon- 
kian schist. To the west lie the great chambers from which the auriferous 
conglomerates were mined. 

Big Missouri mine. — ^The Big Missouri comprises two tunnels far up on the 
west side of the Homestake open cut and running into the decomposed dolomite 
of the Cambrian that here lies directly on the schists. The ore occurs in small 
bunches in this rock and exhibits a shell-like concentric parting. It contains 
extremely high values. Fractures were observed at the west end of the tunnel 
passing from the Cambrian rocks into the schists of the Algonkian. 

Swamp Eagle mine. — On the west side of the divide, between Poorman and 
Bobtail gulches, is an open cut on the Swamp Eagle clAim. Irregularly bounded 
masses of siliceous ore, carrying much barite and some wolframite, but compar- 
atively low values in gold, were mined from this cut. 

Hidden Fortune mine. — The Hidden Fortune mine, at the time it was visited, 
was a small open cut in the basal measures of the Cambrian, at the head of 
Bobtail Gulch. The ore was exposed on the surface and lay like most of the 
siliceous ore, almost horizontal. It contains barite, sometimes in extremely large 
white crystals measuring 3 inches in length. It is much oxidized, and dissem- 
inated through it in great numbei*s are scales and crystals of native gold. This 
ore is so rich that a single car of 10 tons is reported to have yielded $65,000. 
Considerable wolframite occurs in this ore. 

Durango mine. — ^The Durango mine is focated upon the north side of Gold 
Run, just above the Black Hills and Fort Pierre Railroad, with the workings of 
the Reddy adjoining it on the east and of the Hamson on the west. It is one 
of the oldest mines of the hills, being first managed by W. B. Devereux in 1877, 
and is still profitably worked. There are three varieties of ore — auriferous con- 
glomerate, wolframite, and refractory siliceous. The auriferous conglomerate 
was first mined. It is 15 feet thick and rests^ directly upon the schists, probably 
connecting eastward with that worked in the Harrison. Devereux reports that 
much gold occurred free, was richest at its contact with the slates, and was 
often dissolved and reprecipitated in crevices in the latter rock. He reports that 
the richest portions of it rested on a surface inclined upward toward the west 
away from the lowest point of the channel. The Cambrian rocks all dip east at 
this point, however, and it is probable that this inclination was the result of 
differential movements in the Algonkian rather than a feature of the deposition 
of the conglomerate. Devereux reports coarse, shot-like masses of waterworn 
gold clinging to the under surfaces of large rounded bowlders at their point of 
contact with the Algonkian. Stamp milling extracted 90 to 95 per cent of this 
gold. These workings are now caved in. At the upper limits of this conglom- 
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erate small patches still in an unoxidized condition occur, showing pebbles 
embedded in a matrix of pyritc, with cavities lined with crystals of this mineral. 
Above the conglomerate and in the dolomitic beds li(* 8 inches to 2 feet of 
refmctory siliceous ore which occurs in broad shoots followincr fractures trending 
generally northwest, but not often discernible in the shales above the ore. It 
consists of interlocking crystals of barite embedded in a matrix of secondary 
silica and detrital grains of (juartz. It grades into wolframite in places, especially 
on the rims of the on». Th(» wolframite is granular and carries but little gold; 
the white f)aritic ore contains between ^25 and ^00 gold pw ton. At seveml 
points in the mine the portion of the conglomemte inmiediately underlying the 
siliceous ore consists of a mass of peb})les embedded in a matrix of sand grains 
and secondary silica through which were scattered great quantities of native gold 
in shai*p and branching forms. 

GARDEN AREA. 

PeTKpbscot mh}i\ — The Penol>scot mine is opened by a tunnel situated on a 
northwestwardly projecting spur that lies to the southeast of (lardcn. The 
tunnel is upon the basal Cambrian (piartzite, which dips 10^ W.; it follows a 
shoot of siliceous ore 12 feet thick by 12 feet in maxinumi width, which trends 
N. 40^ E. A strong manifold fracture may be observed in the roof. The ore 
lies in separate blanket^ of varying but rather small thickness, separated from 
one another by bands of unmineralized shales. The ore shows many cavities lined 
with crystals of jarosite and contains small (juantities of i>arite. It is all of the 
oxidized type. Two minor verticals occur to the east, striking N. 54 K. 

Keystone and other tni)irs, — Southwest from the Penob>cot the outcrop of 
basal Cambrian (juartzitc extends around the ridge and southward toward the 
divide betwetMi the northwardly flowing tri})utarv of False Bottom Creek and 
Blacktail Gulch. On this outcrop are many small productive workings following 
fractures which tnMid \. :^N K., N. 4r) K.. N. 55 E., and N. On- E. Ore bodies 
are small but oftcMi quite i)rotita))le. The largest masses occur at intersections. 

Ilnrrisftii y/////r.— Between the south trilaitary of False Bottom Creek and 
Blacktail Gulch is a divide upon which al)out i\t) feet of Cambrian strabi remain. 
A shaft on the center of this divide <>5 feet deep constitutes the opening to the 
mine. There an* three small ore shoots })ctween 5 and 80 feet wide by 10 feet 
thick following fractures trending N. 47" E.. N. 71 E.. and N. 85^ E. Several 
minor fractures trend N. 2o E. The ore l)odies are largest at the intersections. 
Face samples of ore from this mine carried sometimes as nmch as ^S per ton, 
and the ore averaged about S80 to ^5 per ton in gold, with some silver. On 
the hill southwest of these workings is an open cut, in which the basal (|uartzite 
4987— No. 2H— 04 14 
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is exposed, dipping northeast. Two long shoots trending N. 70^ E. occur here, 
one of them 000 feet long. These converge at the southwest end and are 
intersected by a third shoot trending N. 38^ E., the three forming a stope 60 
feet wide. 

GoM^n Gate mine. — The Golden Gate mine is worked by a shaft on the 
north side of the head of Blacktail Gulch. It is now producing a good deal of ore. 
The mine was inaccessible when visited. 

Kickimj Ilorne mine, — This mine is also on the north side of Blacktail Gulch, 
not far from the Golden Gate. It is opened by a shaft, from which a crosscut 
runs northwest. It is stated by the foreman that there are 9 small ore shoots 
in this mine, and the quartzite is strongly faulted up to the northwest at the end 
of the crcMscut tunnel. 

BUicktail {?). — Directly south of the Golden Gate shaft and on the south 
side of Bla<;ktail Gulch is a mine which has produced a considerable amount of 
ore, but for which the writer could get no distinctive name. It is opened by 
four tunnels, separated from one another by slight northeast-southwest faults. 
There are seven small shoots following fractures, which trend N. 30^ E., N. 43^ 
E., N. 20^" E., and N. 50^ E. The largest stope occurs at the intersection of 
a system of N. 20^ E., with N. 50^ E. fractures. 

WcUh Fargo mine. — ^The Wells Fargo mine is located on the south side of 
Blacktail Gulch, west of the cross roads that lead into Tetro Gulch. There are 
two sets of workings, of which the western series is higher in elevation than the 
eastern on account of the strong easterly dip of the Cambrian strata. The 
western series of workings is opened by a crosscut trending southeast and com- 
prises ten small narrow shoots that follow small fractures which trend N. 65^ E. 
and N. 57'^ E., with a few minor intersecting shoots trending N. 20^ E. and 
N. 32^ E. The lower workings are east of those just described, and comprise 
one large shoot of ore trending N. 55^ E. and three smaller shoots trending 
N. 47^ E., N. 50^ E., and N. 69^ E. The fractures are very tight, and can not 
be seen except in the faces of ore at the end of the shoots. They do not extend 
into the shales that overlie the ore. 

American Exprem mine, — The American Express mine is opened by a tunnel 
running northward from the bed of Sheeptail Gulch about one-half mile west of its 
junction with Blacktail. The workings which lie just south of those of the 
Wells Fargo are upon the basal Cambrian quartzite and in dolomite of the hard, 
blue crystalline variety. AlK)ve the ore-bearing beds about 15 feet from the 
quartzite Is a sill of tine-grained rhyolite. The strata dip to the east at an 
angle of 10=^ to 15^. There are nine ore bodies in the mine, of which four are 
of (considerable size.. The largest is 50 feet wide at the center and was formed 
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Blue fraction, while south of these mines a shoit distance are the Wasp No. 4 and 
Minnie mines. The workings of all these mines are connected with one another. 
The ore lies directly upon the quartzite, and except in certain portions of the Minnie 
mine carried high values. The shoots vary from 5 to 4() feet in width and are 
generally 6 to 6 feet in thickness. In all but a few eases the roof is a much decom- 
posed shale. Lagging has generally obscured the fractures, but the ore bodies 
trend generally N. 37^ to 40^ E. There are minor ore bodies striking north and 
»outh and N. 12^ W. A few other shoots are present which follow directions 
undetermined. Quantities of barite occur in the ore, and irregular porphyry 
dikes are found with considerable frequency. 

In the Wasp No. 2 mine a large irregular porphyry mass, striking slightly west 
of north, faults the Cambrian about 20 feet. As it proceeds toward the south it 
becomes divided into two dikes, on the west side of either of which is a fault with a 
small downthrow of about 8 or 10 feet. Between these two dikes is a small stope 
about 40 feet wide and 60 feet in length. One of the porphyry dikes curves up over 
the ore so that the space is almost entirely inclosed in poi*phyry. This small body 
of ore is reported to have yielded $75,000. From several of these mines deposits of 
granular wolframite were mined. It occurs in nodules and as rims to the main body 
of the ore. In one case the wolframite was observed forming kidney -shaped masses 
in the decomposed dolomite beds a few inches from the quartzite. Much of this is 
reported to have contained high values in gold, and was shipped to the smelter and 
treated for that mineral before its value as an ore of tungsten was recognized. 

Tioo Strike and Little Pittshurg mines. — These mines have yielded but small 
quantities of siliceous ore and are more important in connection with the tungsten 
deposits discussed on pige 164. The ore lies on the basal quartzite and cjirries barite 
and quantities of granular wolframite, which itself contains nidiating crystals of 
barite and cavities lined with scheelite. Some of the siliceous ore contains long, 
acicular crystals of stibnite radiating from a center like the spicules of a radiolarian. 

SQUAW CREEK AREA. 

Chopatm mine. — The Cleopatra mine is situated on Squaw Creek, just above its 
junction with Spearfish Creek. The ore occurs as a replacement of dolomite along 
fractures which strike nearl}^ east and west. There were some small bodies of flat 
siliceous ore opened at the time the mine was visited, but no large ore shoots were 
discovered. Since this rejwrt was written this mine has become an important 
producer. See page 162. 
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II. Soathem Deadwood-Terra open cut 

III. Specimen of slate showing relation of folding to lamination. 

IV. Sketch map of a portion of the northern Black Hills, showins: the location of the seyeral 

8X)ecial maps included in this paper, 
v. General geologic map of the northern Black Hills, showing the location of the various 

productive mining areas and their relation to the sedimentary formations. 
VI. Geologic map of Lead and vicinity, showing the location of the auriferous gravels at the 
base of the Cambrian and the general geology in the neighborhood of the Home- 
stake lode. 

VII. Gametiferous ore from the Pierce stope, Homestake mine, showing secondary quartz intro- 
duced between (A) shattered garnet (B) and scattered carbonate. 
VIII. Sketch map of the Clover Leaf mine, showing relation to surface geology. 
IX. Map showing the principal shoots of refractory siliceous ore in the Bald Mountain area 

and their relation to surface geology. 
X. Dolomite or ore-bearing rock: At xenomorphic variety; 5, automorphic variety. 
XL Type cross sections of siliceous ore shoots, showing varying forms: At Simple fracture 
without mineralization (from occurrence in the Penobscot mine. Garden area); B, 
Slightly inclined fracture with incipient mineralization (Little Bonanza mine, Bald 
Mountain area); C, Showing the great vertical and limited lateral extent of ore shoot 
arising from the mineralization along a strong open fracture (Penobscot mine, Garden 
area); D, Showing concentration of ore beneath shale roof and its tendency to narrow 
as followed downward to the quartzite; j&. Nearly circular shoot in clearly marked 
dolomite beds (the £ shoot. Tornado mine, Bald Mountain area); F^ Showing coales- 
cence of mineralization along adjoining fractures, which become extremely tight above 
(Isadorah mine. Bald Mountain area); G, Showing bands of waste in the ore produced 
by the occurrence of less easily mineralized shale between beds of dolomite; //, No. 3 
shoot of Union mine north of the crosscut. Bald Mountain area, showing manner in 
which the greatest thickness of ore occurs along the "vertical" or fracture; /, Man- 
ner in which beds of impure dolomite above the main ore body are partially replaced 
(Alameda open cut, Portland district); /, Manner in which a lai^ flat ore body aris- 
ing from a single complex fracture is concentrated beneath a bed of shale (No. 5 
shoot. Double Standard mine. Bald Mountain area) ; JST, Cross section of Tornado shoot 
at the widest point, showing formation of immense flat body of ore on zone of inter- 
secting fracture. 

XII. A, Composite fracture or ** vertical,'* as seen in open cut of the Cleopatra mine. Squaw 
Creek; J?, Mineralized fractures or "verticals" in porphyry near the mouth of the 
Little Bonanza mine, on south side of Fantail Gulch. 

XIII. Plan of a portion of the Welcome mine. 

XIV. Microscopic sections of siliceous ore from the Ross-Hannibal mine: -4, without the polar- 

izer; By with the polarizer. 
XV. Microscopic sections of siliceous ore, showing the perfect preservation of the details of the 
original rock texture after complete replacement by silica: ^, without the polarizer; 
Bj with the polarizer. 
XVI. Banded siliceous ore, No. 2 shoot, Union mine, showing the preservation of sedimentary 

bedding in the ore. 
XVII. Greologic map of Ragged Top Mountain and vicinity, showing position and direction of the 

main Ragged Top "verticals," also the location of the Ulster mine. 
XVIII. Plan and cross section of the Hawkeye-Pluma mine, showing the geologic relations of the 
gold-bearing Cambrian conglomerate. 
XIX. East-west cross section of the Tornado mine. 
XX. Plan and east-west cross section of the Great Mogul mine. 
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DOLOMITE, OR ORE-BEARING ROCK. 

A. Xenomorphic variety. Shows cleavage of the dolomite, which forms the greater part of the rock; alsogramt 

of detrital quarti. Analysis on page 121. 

B. Automorphic variety. Shows complete rhombs or crystals of dolomite, of which the rock is made up. This 

structure may be seen preserved in the ore shown in Pi. XV, A, 
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SILICEOUS ORE FROM THE ROSS-HANNIBAL MINE. 

A. Seen without the polarizer. Shows the dark mir^eial. pynte, and the light mineral, quartz (A). 

B. Seen with the potanzer. Shows the separate individuals of silica forming the ore. 
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SILICEOUS ORE. 

A. Seen without the polarizer. Shows the perfect preservation of the form of the dolomite rhombs after complete 

replacement by silica. 
fi. Seen with the polarizer. Shows ihat the lock is completely changed to bilica. 
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RELATIONS OF THE GOLO-BEARING CAMBRIAN CONGLOMERATE 
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PLAN ANI> CROSS SECTION 
OF A SMALL. I^RTION OF TlfK 

GREAT MOGUI. MIXE 

BLACK HILLS. SOUTH DAKOTA. 
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Page. 

AlAmeda mine, description of 203-204 

Alexander mine, ore in, stratigraphic position of 171 

Algonklan formations, character and thickness of, 

columnar section showing 18 

Algonkian rocks, character of 21 

gold in, mines yielding 56 

origin of 169 

Homestake ore body in, form and character of. . 103-107 

mineraliiation of 90-92 

ore deposits in 56-97 

relation between ores of Homestake mine end 81 

section of, east from Perry 33-34 

northeast of Clover Leaf mine 83-34 

on Deadwood Creek, near Central 33 

vertical fractures in 128 

warping of surface of 18-19 

Algonkian schists, direction of schistoeity in, figure 

showing 84 

mineralization of, date of 159 

stocks and dikes in 26 

topographic features of 15-16 

Algonkian slates, banding of, figure showing 83 

dip and strike of 70 

ore bodies in 6^71 

porphyry dikes in 70 

quartzite band in, figure showing 72 

Alpha-Plutns group of mines, ore shoots of, descrip- 
tion of 147-149 

Alpha-Plutus mine, description of 192 

American Express mine, description of 210-211 

Amphibolites, character and occurrence of 69, 80-81 

Analysis. See substance analyzed. 
Andedte-porphyry, mineral composition and locali- 
ties of 22 

Ankeny, O. P., experiments by, on use of bromine in 

ore reduction 117 

Arizona, wolframite ore in, occurrence of 168, 169 

Arsenopjrrite, occurrence of, in refractory .•<illceous 

ores 138 

origin of, in refractory siliceous ores 158-159 

Auriferous gravels, etc. See Gold-bearing. 

Aztec, rhyolite cutting green porphyry near, figure 

showing 24 

B. 

Bald Mountain area, Cambrian rocks in, exposurCvS of. 145 

drainage of 146-146 

fracture groups in 130 

geologic features of 113 

location of 144 

mines of, location and development of 146-150 

Portland district in 149-160 



Page. 
Bald Mountain area, refractorj- siliceous ores of, aver- 

ageyield of 113 

refractory siliceous ores of, gold in 114 

map showing principal shoots of 214 

occurrence of 112 

ratio of gold to silver in 114 

value of 152 

Ruby Basin district in 146-149 

topography of 146 

Balmoral mine, gold production of 118 

Baltimore mine, description of 200 

location and workings of 150 

Baltimore and Deadwood mine, location and work- 
ings of 106 

Banded ore. See Homestake mines, ores of. 

Barite, occurrence of, in refractory siliceous ores 139 

Barium, origin of, in refractory siliceous ores 168 

Bear Butte Canyon, Cambrian rocks in, thickness 

of 18 

geologic section measured in 18 

Bear Butte Creek, course and features of 15 

geologic section on 39 

Beaver Creek, Siluro-Carboniferous limestones in, 

thickness of 18 

Ben Hur mine, description of 200 

fractures in, relation of, to eruptive rock 183 

location and workings of 160 

ore of, value of 164 

Benton formation, position and thickness of, columnar 

section showing 18 

Benton shale, character of 20 

fossils in 20 

Bibliography of Black Hills literature 13-14 

Big Bonanza mine, description of 186 

Big Missouri mine, description of 208 

ore of, value of 154 

ref ractor>* siliceous ore in 151 

vertical fractures in 128 

Billy mine, description of 188 

Black Hills, northern, drainage of 14-15 

geologic formations in, fossils of 20, 21 

lithologic and topographic character of, table 

showing 20-21 

geologic map of 214 

igneous intrusions in, historj' of 31-33 

literature relating to 13-14 

mining region in, location of f*i 

sketch map of portion of, showing location of spe- 
cial maps (plate) 241 

stratigraphic relations in 17-22 

structural features of 14 

topographic t>'pe8 in 16-17 

uplift of , date of 25 

215 
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Darton, N. H., acknowledgment to 26 

quoted on age of White River deposits 26 

DeSmetcut, ore body in 71 

refractory siliceous ore in ISl 

DeSmetmine, banded ore from 83 

ore of, value of 79 

ore body of, figures showing sections of 73 

Deadbroke mine, ore of, value of 110 

Deadwood, Cambrian rocks at, thickness of 19 

Deadwood Creek, Algonkian rocks along, section of . . 83 

gold-bearing conglomerate near 106 

Deadwood formation, character and equivalents of . . . 21 

fossils in 21 

section of, near Galena 39-41 

Deadwood Qulch, Cambrian conglomerate near, thick- 
ness of 106 

gold-bearing conglomerate north of 106 

Deadwood mine, stamp mills at 58 

Deadwood placer deposits, source of gold in 179 

Deadwood and Delaware mine, gold production of . . . 117 
Deadwood and Delaware Smelting Company, analyses 

furnished by 143 

plant of, for treatment of ores 117, 160 

Dead wood-Terra Company, organization and proper- 
ties of 57 

stamp mills of 58 

Dead wood-Terra mine, description of 207-208 

Deadwood-Terra (Southern) open cut, plate showing. 214 

Decorahmine, description of 208 

Devereux, W. B., cited on Deadwood placers 179 

cited on derivation of gold-bearing conglomerate . 107 
cited on gold-bearing conglomerates in Black Hills. 101 

cited on silver in detrltal gold deposits 110 

quoted on gold in Cambrian conglomerate 109 

quoted on origin of the gold-bearing conglomer- 
ates 102-103 

quoted on refractory siliceous ores 113-114 

Dlorite, mineral composition and localities of 22 

Diorite-porphyry, mineral composition and localities 

of..... 22 

Dividend mine, description of 201-202 

fractures in , relation of, to mineralization 136 

gold-bearing gouge in 144 

gold-bearing sand in 144 

production of 118 

refractory siliceous ores of , yield of 149 

Dolomite, analysis of 121 

occurrence of , asagangue mineral 68 

in Homestake mines 92 

plate showing varieties of 214 

Dolomite, Cambrian, alteration of 120-121 

chemical composition of 121-122 

lower contact of 122-123 

macroscopic appearance of 118-119 

microscopic appearance of 119 

mineral composition of 119-120 

upj)er contact of 123-124 

Donelson fracture, description of 211 

Donelson mine, fractures in, intersection of 132 

fractures in, relation of, to mineralization * 136 

Dorr, Mr., acknowledgment to 143 

Double Standard mine, description of 197-198 

ore from, mineral composition of 142 

ore shoot of, length of 125 

Durango mine, description of 208-209 

location and workings of IWS 

ore of, value of 154 



Page. 

£1 Refugio mine, ore in, stratigraphic position of 171 

Elk Creek, course and features of '. 16 

gametiferous mica-schist along, exposures of 88 

Elk Creek Canyon, Cambrian rocks in, thickness of. . . 19 

geologic section measured in 18 

Ellison shaft, depth of 60 

Emmons, 8. F., cited on ore of Leadville. Colo 178 

quoted on mineralization of ores (note) 157 

report by, on the Homestake mines 55-80 

Empire mine, gold production of 116 

Empire State mine, description of 204 

ore shoot of, length of 126 

Englewood, geologic section near 36-39 

Englewood limestone, equivalents of 21 

character and thickness of 21,86,89 

fossils in 21 

Eocene formations, character of 20 

fossils in 20 

Esmeralda mine, location and workings of 106 

Etta mine, tin discovered at 96 

EvaH. mine, gold production of 118 

F. 

Fannie mine, description of 186-187 

geologic section in 187 

Fantail Gulch, fractures or verticals in, plate showing. 214 

Farish, William B., gold ores of northern Black Hills 

examined and reported on by 57 

Father de Smet Company, organization and properties 

of 57 

stamp mills of 58 

See al9o De Smet. 

Florence mine, ore in, stratigraphic position of 171 

Fluorite, occurrence of, in refractory siliceous ores ... 189 
origin of, in refractory siliceous ores 158 

Folger mine, description of 204 

Forsyth, , cited on methods of concentration of 

wolframite ore 168 

Fossil placers. See Gold-bearing conglomerate. 

Fowler, , cited on ore minerals in Carbonate dis- 
trict 178 

Franklin, Colonel, acknowledgment to 53 

Fractures, amount of opening of 129 

direction of 180 

grouping of 180-181 

intersection of 181-182 

origin of 184 

relation of, to eruptive rocks 182-134 

to the mi neralization 134-186 

types of 12^127 

vertical extent of 128-129 

Fulton, C. H., cited on methods of treatment of refrac- 
tory siliceous ores 160 

G. 

Galena, geologic section near, along Bear Butte 

Creek 89-U. 

lead-silver mines near, location and development 

of 170 

lead-silver ores of vicinity of 169-171 

Gardenarea, country rock in 150 

fracture groups in 181 

location of 150 

mines in, description of 209-211 

location and development of 150-151 
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Page. 

Homestake xniDea, phonollte in, character of 8^-89 

porphjrries in 88-90 

production of, Btatifltics of 62-66 

compared with that of Portland mine, Cripple 

Creek 65 

pyritein 91 

quartz of 91 

report on, by S. F. Emmons 65-80 

rhyolite in, character of 88 

dikes of 89 

stamp mills at : 58, 59 

surface workings of 71-74 

transportation facilitiesof 61 

underground workings of 74-78 

wall rock of, description of 81-82 

water supply of 62 

Homettake Mining Company, dividends distributed 

by 62,64,65 

organization and propertiesof 57 

stamp mills of 58-60 

ayerage yield of 58-69 

Homestake open cut, dimensions of 60 

geologic section exposed in 66-67 

Horseshoe mine, gold production of 117 

ore in, stratigraphic position of 171 

I. 

Idaho, wolframite in, occurrence of. 169 

Intrusive porphyries, age of , geologic 26-26 

age of, relative 28-25 

distribution of 26-27 

lithologj^of 22-23 

Iowa mine, ore of, value of 154 

Iowa and Golden Crown mine, description of 207 

Iron Hill mine, country rock at 177 

ore of, character of 177-178 

minerals of 178 

production of 177 

Irving, J. D., work of 53 

Irving, R. D., cited on intniaive porphyries 22 

Isadorah mine, description of 188 

J. 

Jaggar, T. A., cited on porphyritic intrusions in the 

Black Hills 30 

report by, on the general geology of the region . . . 7-41 
Janin, Louis and Henr>-, gold ores of northern Black 

Hills examined and reported on by 57 

Jenney, W. P., expedition of Henry Newton and 56 

Jura-Cretaceou« beds, thickness of, below the Laramie. 25 
Jurassic formations, character and thickness of, sec- 
tion showing 18, 20 

foasilsin 20 

K. 

Keystone mine, description of 209 

Kicking Horse mine, description of 210 

Kildonan Milling Company, smelting plant of 160 

L. 

Labrador mine, description of 203 

location of 160 

Lamprophyre, mineral composition and localities of . . 22 
Laramie formation, evidence of former presence of, in 

BlackHills 26 
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Lead, geologic map of vicinity of 212 

geologic features near 66-67 

gold-bearing conglomerate near, position and 

thickness of 98 

Homestake open cut near 66 

location of 66 

map of region about 29 

mines in vicinity of, description of 181-184 

population of 66 

Lead area, fracture groups in 131 

mines in, description of ^ 206-209 

location and development in 161 

ore bodies in, exposure of 151 

refractory siliceous ores in, average yield of 113 

occurrence of 112 

value of 154 

wolframite in, discovery of 163 

Lead and silver ores in Cambrian rocks, discus- 
sion of 169-171 

in Carboniferous rocks, discussion of 177-178 

Lead-silver ores, age of 171 

characterof 170 

minerals of 170 

value of 171 

Lead eruptive center, structure of 29-31 

Lead Tertiary clays, deposition of 25 

erosion of 25 

Leopard and Jessie Lee mine, description of 205 

Limestone breccias, character and occurrence of 27-29 

sill cutting, upper contact of, figure showing 28 

Lincoln stope, banded ore from 84 

Little Blue mine, description of 211-212 

gold production of lis 

Little Bonanza mine, description of 187 

fractures or verticals in porphyry near, plate 

showing 214 

Little Pittsburg mine, description of 212 

Little Tornado mine, description of 197 

Lower Cretaceous formations, character and thick- 
ness of, 18,20 

fossils in 20 

I Lucille mine, description of 189 
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McKay, Angus R., acknowledgment to 53 

Mail and Express mine, fractures in, relation of, to 

eruptive rocks 182 

j Mallory, T. H.,gold discovered by, in VVhitewood and 

' Deadwood gulches 56-67 

! Manuel, Moses and Frederick, discovery by, of Home- 
stake and Old Abe deposits 67 

Marine Jura, character and thickness of 18, 20 

fossils in 20 

Mark Twain mine, description of 204 

fractures in, relation of, to eruptive rocks 132 

ore shoot of, length of 125 

Massive ore. Sec Homestake mines, ores of. 

I Merit No. 2 mine, ore in, stratigraphic position of 171 

Mesozoic rocks, lithologic character and thickness of, 

columnar section showing 17. 18 

stratigraphy of 17-18 

Metallic Streak mine, location and workings of 176-176 

ore of, value of 176 

Mineralizing waters, direction of flow of 156-167 

Minnekahta formation, position and thickness of, col- 
umnar section showing 18 
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K«illiln 20 
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Plnney open cut. mining operations in 182 

PirsMm, L. v., W. H. Weed and, cited on limestone 

conglomerate from Judith Mountains 29 

Placer deposits, occurrence and character of 179-180 

origin of 179 

yield of 179 

Pluma mine, pyritic conglomerate in 108 

See alto Hawkeye> Pluma. 
Polo Mountain, Siluro-Carboniferous limestone on, 

thickness of 19 

Poorman Gulch, gold-bearing conglomerate in 106 

Porphyries, in Homestake mines, occurrence and char- 
acter of ««-90 

intrasiye, age of. geologic -3-26 

age of, relative 23-25 

distribution of 26-27 

lithologyof 22-23 

Porphyritic intnisions, history of 31-32 

Porphyry breccias, occurrence ol >*9-flO 

Portland district, fracture groups in 131 

mines in, description of 201-206 

refractory idliceous ores in. occurrences of l-»-150 

Portland mine, description of 306-206 

ore of , character of 65 

Portland mine i Cripple Creek district), production, 

etc.. of Homestake mines compared to 65 

Portland Mining Company, development work by.. 116-117 
Potsdam gold ores, refractory siliceous ores so termed . Ill 

Sn a/90 Refractory siliceous ores. 
Pseudo-congl<nnerates, occurrence and character of. . . 27-29 

Publications reUting to Black Hills, list of 1^14 

Pyrite. occurrence of , in Homestake mines 91 

occurrence of, in refractory siliceous ores 138 

Pyritic conglomerate, gold in, origin of 110-111 

occurrence and character of 107-108 

Pyritous ores, character and occurrei»ce ol 162-168 

resemblance of , to refractory siliceous ores 168 

Q. 

Quartz, occurrence of. in refractory siliceous ores 138 

Quartzite band in slate, figure showing 72 

Quartzite ore. occurrenceof 144 

Quaternary formations, character and thickness of . . . 41 

characterof. table 30 

R. 

Raggvd Top di<4rict. locatitMi and topography of 172 

miue» in. deveK>pm«nt of 17^176 

orv^of. origin ol 176-177 

R«gicv«) Ti>p Mountain, geologic map of, showing ver- 

ik-als 214 

Kvcvut rvvks. orv depodits in 181-182 

plaivr d«>puKits in 17>-180 

•R«fd Beds." characterof 20 

Kvftact».try silKvou* orew. alteratkm »>f 140 

duah'^AKtof 141 

aival dwnribution ol 144 

oharavtvr ol 112 

v'bt'iubary v»l 141-143 

v\>v»i'**f »u 1<2 

vxHiuiry r».vk of 112 

vliMirtbutK»u of 112 

tK«^»r liuvl rvvi v»i 113 

ivacturvHiu. chimctvr^l 136-127 

vliiwltsNt Kfi ^ 180 

«r\HJti^iiit v^i lao-m 
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BeCmctory sUiceoos ores, fractures in, intersection 

of 131-132 

fnustoiesin. origin of 134 

relation of, to eruptive rocks 132-133 

to mineralization 134 

vertical extent of 128 

width of 1-29-131 

future prospects of 161-162 

gold in. origin of 159 

history and development of 116-117 

literature relating to llS-116 

macroscopic character of 136-137 

map showing principal shoots of, in Bald Moun- 
tain area 212 

microecopic character of 137-13S 

microscopic sections of. plates showing 214 

mineralization of, age of IM 

processes of 155-157 

minerals of 138-140 

derivation of 157-160 

mlnesin, description of lW-200 

mining of, methods of 160-161 

names applied to Ill 

origin of lt>4-155 

production of, table showing 117-118 

prospecting for 161 

relations of, to eruptives 115 

resemblance between pyritous ores and 163 

rocks inclosing, alteration of 120-121 

chemical composition of 121-122 

geologic position of 1*22-124 

macroscopic appearance of llS-119 

microscopic appearance of 119-120 

shoots of, form and size of r-M-l2t'> 

plate showing 214 

silver in, occurrence of li:>. 114 

treatment of, methods of 159 

type cross sections of shoots of 212 

variations from type of 14,V144 

yield of, in gold n;> 

Retriever mine, description of 1S4-1S,'> 

fractures in, relation of, to eruptive rocks 132 

Rhyolite, porphyry cut by, near Aztec, figure show- 
ing 24 

Rhyolite-porphyry. chnract4.'r and ocourron<'t' of 09 

dike of phon<>lite in, figure showing 24 

mineral comiKwition and localities of 22 

Richmond mine, ore in, stratiKniphic ]K>siii<ni of 171 

Rodda, R., cited on ore lx)dios in Fannie mine IS*? 

Romeo mine, ore in. stratiKniphie iM)sition of 171 

Ross-Hannibal mine, description of 1S«v-i»h) 

ore of, microscopic s<.'Ctions of, plate showing? 214 

value of l.\i 

ore sh<x)t of, lenf^'th of 125 

Ruamine, gold production of US 

Ruby Basin district, fracture groups in i:i(V-i;u 

fractures in, relation of. to erui>tive rocks vx\ 

relation of. to mineralization KVS 

refractory siliceous ores in, occurri'nces of 1 KV-l J9 

Ruby Bell mine, description of 1S9 

S. 

Sand Creek, tin discovered on 95 

Sand rock, definition of 112 

See also Dolomite. 

Seaburj' mine, ore of. c'miracter of 17S 



: Silica, origin of. in ig h ae a urr m^axmnwet. 13» 

■ Silica, chalcedonio, ocrarrecwe <d. =t vtfmeutvT *i- 

ceoosoTfts _ — JM 

Siliceous ores, wfractory. >w£L«frMnk^cya!±ecaii><iRak 

Sitting Buft mine. tTe otf. "ral-ae :<f m 

> Silurian formation^, chaiarfier xz>i 3&aefcnBB •id cii£- 

umnar sercoc f±K««t3F I* 

I Silurc>-Carbonifer\x2$V:me!«%coe«. <.^ta£»<nura3]< it&lclc- 

' nessof.colTimiuiT w<o-:ci^3<«riBip 1* 

Silver, production of. by Hocd«!«s;&^«- X3f3gOoiiE9*ii.y. •£! 
' Silver and gold one*, in Cambrian r^xks. ^asroaooa of. HS-M3 

in Cj\rbonifemu« r>>cks^ di<«ras»:<: <<i ITS-ITT 

Silver and lead ores, in Cambri&s nx-k*. MB»-I7I 

[ in Carboniferous rock* ITT-IT* 

, Slate, quartzite band in. fi|niiv«>bowing 71 

specimen of. illustrating illation of ioldiiig: lolaia- 

inatiim 2li 

Smith. .\. J., mines locate^i by U< 

Smith. F. C. analyses of npfiactory nlic«OQ> ores 

quoted from 141 

anal >-sis quoted from, of ore from Dacy mines 1T4 

cited on gsrpsum in ivf ractorr siUceoos ores. 139 

cited on lead-silver production of Richmood or 

Sitting Bull mine IW 

cited on methods of treatment of refractory sili- 

coiMisores 1«D 

citetl on refractory siliceous ores U5-116 

quoted on anal yjds of one from Dacy mines 175 

quoted on hbtory and development of lefraeiory 

siliiHH>us ores 116 

Smith. P. S.. acknowleiigmeJit to 53 

Snowstorm mine, description %\i 203 

lix^tionand workings of 150 

Sout h Dakota mine, deiscripiion of 306 

Uvation of 190 

Simth i;oldon Rowani mine, dw^ripiion of IS? 

Southern Doadwvxxl-Torra i>pen cot, plate showing... 214 

SjH'arfish Canyon. Cambrian conglomerate in fti 

got>l«Hf io ^'*'^ i'^" nu^asuned in 15 

Silun>CarK>nifor\nis ^:m^'*t^>ne in, thickness ol . . . IS 

Si»i'artish Cnvk. i>nirM> and features of 14-15 

Squaw Cr\H*k. on- in. character of 97 

Squaw I'reek ar*\H. i>»mbrian nx'-ks in, ejcposures c*f .. 152 

Itvation of 15(2 

minims in. l«valion and dov\Mi>|uiient i>f ife 

minini: operations in 212 

refractory silic^^nis or\^ in. vvi^unvnoe <*i 112 

Star shaft, op^ni out N'twoim Highland shaft and <S0 

t>r\> Innlit^ in. figxjte showing :^>ction t>f 75 

form and character of 75-76 

Stewart mine, dc^'ription of Is5 

Stewanl ori'shiMt, length of 12.\ 

Stibniie, ixvurri'UiV »>f. in ri^fraclory silicetHis ores.. 189-140 

StrawlHTry liuleh. uiiiu^s in. work on 97 

on' in. character of 97 

StrtMiiu tin. Srr Tin. 

Sula mine, di^'ription of 206-207 " 

Sundance mine. di»?»i^riptlon of 1S^ 

Swamp FjiKle mine, dt^'riptitui of 208 

T. 

Terry IVak. altiludoof 14 

Kcoh»gic sivtion iu»ar 34, 35-36 

volcanic character of 14 

Terry IVak Mountains, i^oq^hyry intnisions of 25 

Tertiary clays, deposition of 25 
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TertUrjr fonnation^ character of 20.41 

erosion of 25 

UmUBln 20 

thickneiwof 41 

Teyla, Lloyd, reference to W 

Tin, diacover>' of. In Niguer Hill dirtrirt 9b 

Tin ores, occurrence of »f>-97 

value of 96 

Tornado mine, auriferous clay in, occurrence of 143-144 

crocs section of. plate showing 214 

description of liTi-lW 

dolomite from, analysis of 121 

fractures in, intersection of 131. 132 

relation of, to eruptive rocks 133 

to mineralization 13ft 

ore of. value of 153 

ore shoot of. width of 125 

Tomado-Mogul mine, fractures in, relation of, to min- 
eralization 175 

ore shoot of, dimensions of 125 

Tower, G. W., notes of, on lead-silver ores of Galena. . 169 
Trachytold phonolite, ot»currence and character of . .. K8-89 

Tremolite, occurrences of «>8,91 

Triassic formations, character of 20 

fojwilsin 20 

Trojan mine, description of 203 

Tungsten ores, occurrence of, discussion of 163-169 

Two Bit district, Cambrian rocks in, thicknew of 19 

coun tr}' POck in 162 

pyritous ores in, occurrence and chanurter of. . . 162-163 

Two Johns mine, description of 202 

fractures in, relation of, to eruptive rocka 133 

relation of, to mineralization 186 

location of 150 

TwoStrike mine, deacription of 212 

wolframite from , analysis of 166, 167 

U. 

Ulster mine, country rodk at 176 

geologic map showing location of 214 

location of 176 

oreof, character and valueof 176 

Union mine, cross section of ore shoot in 191 

description of 19(V-191 

geologic section in 190 

ore shoot of, length of 125 

Upper contact, mines on, description of 200-201 

Upper Welcome mine, description of 200-201 

Uranium mica, occurrence of, in refractory siliceous 

ores 140 

V. 

Vanocker laccolith, characterof 26 

Verticals, Cleopatra mine, plate showing 214 

definition of 126 

figures showing 126, 132 

Little Bonanza mine, plate showing 214 

Ragged Top Mountain , plate showing 214 

See aUo Fractures. 
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Walcott, C. D., cited on intraformational hreodas .... 79 

Washington mine, ore in. stcatigraphic position of . . . . 171 

Wasp No. 1 mine, description of 211 

WaspN«). 2 mine, description of 211-212 

production of 117 

Wasp No. 4 mine, gold production of 118 

Weed, W. H., and L. V. Pinson, cited on limestone 

conglomerate from Judith Mountains 29 

Welcome mine, description of 199 

fractures in, relation of, to mineralization Itt 

plan of, plate showing 214 

Welcome Mining Company, development work by, 

history of 117 

Wells Fargo mine, description of 210 

White River deposits, age of 26 

tilting of 26 

White River formation, characterof 99 

fossils in 29 

Whitewood Canyon, Cambrian rocks in. thickness of . 19 
geologic section measured in 18 

Whitewood Creek, copper ore between Yellow Creek 

and 99 

course and features of 16 

Whitewood limestone, character and thickness of.... 21,99 

equivalents of 21 

fossils in 21 

Willis. Bailey, cited on definition of " competent " 

stratum 17 

Winchell, N. H., reference to work of, in Hamej 

Peak region 99 

Wolframite, occurrence and origin of 199 

Wolframite ore, analyses of 197 

character of, macroscopic and microscopic 196-199 

chemical composition of 199-107 

concentration of 199 

discovery of, history of 199-lii 

mineral composition of 196,li97-M9 

occurrences of 191 

relations of , to surrounding rocks 194 

rocks associated with 199 

valueof 199 

"Woodyard '* slates, character and occorrenoe of 81-92 

T. 

Yellow Creek, copper ore between Whitewood Creek 

and 96 

gold-bearing sand in 144 

Yellow Creek area, fracture groups in 181 

location of 161 

mines in, description of 211-212 

location and development of 192 

refractory si liceous ores in, average yield of 112 

grade of 102 

occurrence of 112 

I»08itionof 161-102 

valueof 192,164 

rhyolite sill in, thickness of 102 

wolframite in, discovery of 199-194 

Yellow Creek Gold Mining Company, gold production 

of 118 
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